UNCLASSIFIED 


AD  NUMBER 

AD237519 

NEW  LIMITATION  CHANGE 
TO 

Approved  for  public  release,  distribution 
unlimited 


EROM 

Distribution  authorized  to  U.S.  Gov't, 
agencies  and  their  contractors; 
Administrative/Operational  use;  15  Apr 
1960.  Other  requests  shall  be  referred  to 
School  of  Aviation  Medicine,  Randolph  AFB, 
TX. 

AUTHORITY 

Per  AFSAM  Itr,  9  Feb  1965 


THIS  PAGE  IS  UNCLASSIEIED 


^moioCRi^ 


Rcpiofiuetd 


Armeii  Services  Teciinica!  bfannatise  Af  eiov 

ARLINGTON  HALL  STATIONi  ARLINGTON  12  VIRGINIA 

NOTICE;  WHEN  GOVERNMENT  OR  OTHER  ORAWINOa^  IPlCinCA'nQNB  OR 
OTHER  DATA  USED  IGR  ANT  PURPOBB  OTHER  THAN  IN  CONNECTION 

WITB  A  OEFlNltELT  RELATED  OOVERNKENT  PROCUREBIBNT  ERATUiK 
THE  U.  j.  GOVERNMENT  THEREBY  WCDRB  NO  REEPONSIBIUTT,  NOR  ANY 
OBUGATIGM  WHATSOEVER;  AND  THE  FACT  THAT  THE  GOVERNMENT  MAT 
HAVE  FORMULATED,  FURNISHED,  OR  IN  ANT  WAT  SUPPLIED  THE  SAID 
DRAWINGS,  SPECIFICATIONS,  OR  OTHER  DATA  IS  NOT  TO  BE  MfiAPngn  bt 
niPLICATIGN  OR  OTHERWISE  AS  IN  ANY  MANNER  UCENSINO  THE  BOLDER 
OR  ANT  OTHER  PERSCXI  OR  CORPORATION,  OR  CONVEYINO  A:«  i  RIQFTS  OR 
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or  v^miua  tusan 

t.  tfc> 

teral4  t.  21aa.  imk  0.  HiqmHl  Hd  DtHti  K.  taUdl 


r«D^  ntwyyi  Tim  liu'ltMSM  of  radlaix'OUetlv*  agmitai  m 
tim  slatAy^AM  iovol*  uw  tlMua«  of  rate  and  bIm*  Hite  letudr  oeoBtl'* 
wUtM  OM  ptiAM  of  a  tiatallad  lavMtif;atlaa  of  tli»  —nhanlaB  at  tlw  tacclo 
out  rad*<^ot«ctl¥«  oefciou  at,  elMKi'vil  acsats* 

TwiMnf  or  olttnuU  opnlloetloo  of  ttw»  raral^t  fb*  rtwoIofiBt 
of  affrailra  thoropouilc  or  prop^>l*oti«  ogoii^  ^or  ^atHottlra  Inlorr  noold 
b*  foelUtoted  an  unt'er-t-aadtac  of  ttw  jaoda  of  aetlOB  at  tboaa  atm^amia 
Miuoa  are  kooMi  to  ashi>;^  t  -  ,dia|ireta9tivo  aotiLvitgr.  Atli  ttda  ebjooilra  la 
alad  dotailad  atadlao  or  ^  \o  and*  of  aotica  of  aadaowtiyllaathloteroa  dartT»> 
ttvao  aad  dltbioeagiMr<at,ea  aro  eattamaar  la  thta  laboratoqf  at  tiM  laraaait 
tlaa.  ta  a  part  of  tbla  vt«sem  ■aaowraaaato  of  tto  Inflawata  at  2  artnn 
otlgllaetlilaMroa  oa  taa  loralo  of  radaeod  eXatataloaa  la  artaal  tlaaaaa  nara 
raeoatly  nadw'lab'aij  aad  avldoaeo  aao  oMalaod  ttet  tkto  aoapond  oaaoM  eaa> 
aldarabla  dooroaaaa  la  tto  rataaid  glaiathloM  Xarala  of  ■■■  tlaaaaa*  Ito 
prcMBt  oaparlaoBto  mt*  aadartatoa  to  aaeartala  atottor  nrloaa  ottor  radle- 
fvetaetlre  asanta  ivodMM  «l>dW  affMto*  Ito  r«aalt«  of  tto  aNtaaroaaato 
tove  lodlefAad  that  aoworal  of  tto  coaawMBdo  daerooto  tto  cXatotMoao  Ural* 
of  warn  tlaawa  of  rata  aad  tooo.  At  tto  prcacut  tlao  it  eanrat  to  atatod 
vtottiar  ttila  aetinn  to  Isralvcd  Is  tto  radlctovtaottra  of  tto  atst- 

poaado  or  ttolr  toxlolty*  1oi«r>ar,  tto  rotralto  daaoaatFato  that  trootaowri. 
of  aaiaala  bith  ra-lana  radtoproto^vo  at'oata  cwiaaa  warn  doaraaoo  la  »«> 
dacad  (IntatlilaBa  lawalo  la  aoat  oooao.  It  la  protohlo  ttob  thla  affoet  la 
daa  to  a  dlroet  Intoraotloa  totMOoa  flatathlaao  rad  tto  mtoatloa  aeoata  la 
soar  eaaea  .-<nd  that  ladlreet  aaotaalaaa  aro  raarwaaiMa  for  tto  otiaaiaa  la 
tto  other  eaaea. 

ooosooao 

itoolpga  atadlas  la  thla  Uharaiorr  haaa  itaaonatratad  ttot  f«atoa'^ 
rtl-Tllaothlovaa  (AST)  inhlhlta  tto  aatlrltjr  of  aooaral  aaUhfdrTl  oavaao 
(i).  Xa  vloa  of  tha  aooe  elth  wtAoh  AST  foraa  adato  dtaallldat  oith  slapla 
thlola  oad  dlaulfliioa  tji  rltro  (2)  aad  alth  protalaa  la  rltra  aad  la  rtea 
(3-5)*  It  aoaHB  Xlkalj"‘".i  l^Mtloa  la  t^'a  raoaiit  o^  toaad  Jiaalf^ 
fonaatloa  with  aaaantlal  a^lf.'jndfjrl  irovpa  of  aotoaaa*  Aa  paaa  llltar  t**!'! 
alMd  dlanlMda  foraatlon  larolTad  aa  a  oaohaaiaa  of  radtaproti  utturi 
tlroagh  taayoTT  ahlaldi-.  *  at  aaaaat I  al  aalfhpdrjrl  sf<*d*a  of  oaU.alor  oci«- 
atttaaata  toa  baaa  aoBal''"^  '  (2)  tot  dlraat  arllaaaa  la  aapparr.  of  thla  id*, 
la  laaHag  iDaooer*  It  aaaaai  Ufcaly  that  the  toodo  affaata  at  VKt  aad  r»* 
latad  aoi^tola  aro  daa  ta  roaotloa  adU  oaaatnial  caVh|tovl  •rar;«  In  tto 
aptolto  ohiaii  bara  baaa  atoSM  ta  data  (1) . 


ji  Hi  *!{'xt  t'J  -xr.’-rt  1  iiif oa-iMli on  tirfi  Aii?  im 

oall'hy>±r;'i  coa^  'rl*  >.'.»!  itixiloo  -.wa  rscoot.ljf  csid’f  tod  In  thl»  l<?Ljr« 

tary  (i-,?)  lii  J  lr.«»  fi.'  A£f  on  xIm  fluts^-Wona  lov<l«  o!*  tlfiBueB  of 

rata  a:«i  «!-;•  a.-a  noaaiu-ad.  ‘Tha  i  wlta  ImUc  .tad  t  slcaa  oorr  .latlon  lottwaaii 
tha  ability  cf  ^e«T  to  dec’.'sasa  tM  rlutatlilaaa  lerala  of  aaveral  ti«mea  In 
tiia  rat  aod  max/a  .and  tlw^  tortolty  of  tt>a  dnip.  to  %t}ea*  ar»jcl<>a.  A 

nwtbar  of  lcvsatic»tora  icavo  ao£..ure<i  tita  tea*  aulrhiy<lr/:.  i^oela  of  ^Issua:- 
of  Jjrradiatr:'  knl:;«la  (ft-U'i,  .  rmat  ■She  ^-natu-onanta  >ai.'o  [lerforned 

ijfi  blood  «xl  llvar  rath.»r  f.Sm  »•*/<««•-?;. it .«-J  i:,a  »;tn  ■  ia  01.1pl.3yad 
:naa5v<rod  total  aulf>utirvl  >nfia.  Jn  eotitraat  tMh  .it  idy  ac.i  '>-ir  l  •«■■ 

parlwants  uiiliiad  t'l*  .•  i  -':  ic  c*Jloyyl.?~a  «ratf;>:  il.’i  -Lici,  j^iosu, -oducan 
elutathlaoa  axolug'.ve  ^  j  ‘.dfby^V-'  tCMpomdii. 

Oof*  provlouj  o  '-  '3»7)  daronitjratad  Uiat  '.f  prujj^aa  •»  doso- 

depaodani  druroaaa  In  Ur  •.  wed  itlutatldoM  lavela  3;  th-;  hldii«Qr  and 

•rytiu'oeytaa  of  rata  'ind  j.  -  .lar  charviea  In  iho  uno  K  airdiar 

affaot  vca  noiad  In  Bouar  It.aiiea  Mitt  the  axoaptiro  t.aat  .  rxea  p:'u-.3unood 
daeraaaa  waa  ohaanrad  In  brain.  Sipaaura  of  rata  to  %e.  t  of  whole  body 
x^irradlatlon  eauaad  d0(Tad.'.aa  in  the  rw^iicad  f>lutathJont  .-ant ant  of  the  red 
oallat  thswa  and  Intoatlna  (6).  In  •lea-  of  tha  ability  ot  V-:t  to  decreaaa 
tha  la«ole  of  reduead  glutatblooe  in  asIaWl  tlaauer,  tt  .ar  of  intiirest  tc 
■aaaura  tha  affaata  of  other  coniioaBda  capabla  of  i>r(«taetlr,y  jt^alnat  raf^latloa 
latbality  on  tha  f^liitat.dona  larrala  of  the  ttaanaa  of  rata  and  nice-  Tha 
praaant  rcnca-t  contains  the  .'eaulta  cf  nmaavrmmta  ot  t.-ie  rlutathlone  Ir^iala 
of  several  tlaauee  aftc.'  trent»tit  ot  mlnals  with  v>rtouji  a^'ents  which  have 
boon  ahown  to  afford  nrotocllan  a^nat  radiation  lot.haltt>.  Tho  romilta  cf 
those  noaavu-oaaats  danooatratad  that  aowaral  of  tho  conpowide  causa  slfnlfl> 
oant  dacroaaas  In  the  tlasna  lavala  of  rsdvwad  frlutvthlaaa. 

Haterlala  and  fhthoae.  loonf  adult*  faieala  Spra^  Dawlay  rats  ka 
OarworthTf aj*»is  olca  wora  u.-!l3  for  theaa  orparlauaita.  TJw  »i.  cala  were  housed 
In  air  condl Monad  rci.^  aiu.  >>si'S  ■BinUlnad  on  Rocklard  Clot.  Tctad  ’-edy 
S-lr;.'.Ji..U>B4  was  tiuaujiiatortd  with  0  9.  &•  tlcclnar  Therapy  I'nlt.  Tha  radt* 
atlon  factors  aero  as  foUowst  2i0  XVPf  15  as.*  m,  Cu  and  1  >«.  AX 
fMtr.-.Mon.  fbu  tai'£at  dloW.ca  -was  7$  on.  m4  tho  core  mta  uos  36  r  to 
i  r  par  idn  ua  .-neei’jrcd  iu  air. 

Raduc-^  ;-l-.t,"l  1  *«e  woar:red  ly  the  anthed  cf  Woodwaid  i'*)  iM-tn,. 

a  /ei.at  euapenalon  ;  i'> .  .  I  tho  prosodtTO  of  llbes't  at  al  (1.); .  a.i.«etrc 

If  tic  nlocttfio  of  ih  I  I'.ltretoa  to  convart  the  oxidti*d  rilutathlo'.  ■* 

tc  tho  rcJuc-xt  rim  va-  • '.  out  by  tho  proeodur#  of  L'ot.ai  v. ;  Wct»!.ttr.' 

k  dotailed  awacrlpUrn  .  <  K-porstico  o*  various  ria,,t«  ta  artd  for  the 

aaaair  Mvo  ba>a  proosotet  ..  -reviona  raperts  tern  thlo  laberatcry  (6.7). 


yfaata  of  varloy  radloprotoetlvo  afow*.o  f»"  tha  rifc.-.ed  gl-utathlono 
lyrola  ^  rai  tiasiuM  THL  oTpeota  oTVarloMa  radfoproJeotP  a  aj'sr.'  n  m 
'tiasua  lavtlj  of  'ra<*wd  rlutoth^ona  uara  naaaurad  or  tha  cxednetlrn  of  araaft 
OB  arythrocy  .na*  dilaan,  liver*  tiqnaas  sad  llaun  of  isnala  rata.  T.is  drufa 
isera  rlvati  ty  tha  Intrenerltceiaal  rants  at  doaaa  near  tha  naxlmai  tolarstad 
lavala  aa  itareralnad  tc'  previous  tusdolty  teats  Qroupa  oaoh  eontalnlnfi  at 
laest  thraa  a  Inals  vara  esori  load  at  thtr^  ninuiea  ana  mtcs  hours  after 
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o'  vhe  drut;e  'H:#  re.'^ults  oC  theao  pjet-e jt e«mant3  sro  s'W.vcrlz,p(i  1. 
t  iij  '.icr:h  f.'he  .-y.^uTvvu  sn-j  the  •j-;vAi'fci3B3  f:"cw  tisa  '..'-i;'. 

re  i>  ^  -!-,i  wi  tia  tha  t«f  ««nt  c^J»(■e  in  r<^ducpd  glutathicnc  l.'.v:^i3 


As  ':ho<in  by  tho  d«t.«  in  1  imaral  of  the  coNpoundA  po('<‘'''Jce4  modar- 

iit«  i.rhahi'ea  In  tiw  raJuced  frlutatMco*  levels  if  one  cr  sore  tissues  of  rats, 
thus  a  e;  J.wcprc',riopntnana  eauxad  a  decrea^  the  p^lutathlonc  concen 
tj'ation  of  es  In  th  irty  ^•lr>^tes  And  t.:.onrde  of  n  siBllftr' niafinltui:tQ 

■♦n  ,.nJ  It  :lxo«'  l  ofrt--  i^unids  enussd  »  '?.7»  decrease  and  hy^JS'y- 

aocionltrilR  cauaad  «  (>2A  dacroass  in  tho  roduce-!  -j-uhathlone  content  of  th* 

l.  .  Pi  in  tiireo  '.uiirs  /istanine,  cysterno  and  hydrwylrjttBs  caused  sane  r«  • 

-j  '  'hp  'lut.i'  iiicr.s  icxelc  of  all  of  the  tissuns  In  the  red  blood  culls 

ac. '  IV.-i:  .  S„,'u;t5on  of  t.-in  flutatoloi-io  levels  of  «n  oi  toe  tissues  was  ob- 

irit,)'.  i-!ij'drcMytrypr.a,-*tnr  alt.h  t.ns  eflect  of  this  drug 
bein  '  .ic'.t  pr" ‘'-'inced  in  J.c  liver  at  three  nmxs  after  aitslnlstratiaa  AKT, 
me-c  ;  .^I'ne  and  dlii»thy''aTCTor.vx"A  dlJi!etl\./li.itriio-:ai‘bainat«  also  prodused 

;cai*k3d  'jivrou'  i  in  tJ\c  plutathtone  content  of  the  livfcv  ana  tins  decreases  in 
otfu  "  visovKs  Ijtpojore  >if  ratj  to  i  si.'sulatea  vltiouds  of  }0,0(X)  feet  oaused 
a  ,:J  irsTc  ,311  l:i  t.ve  reduced  ,;lutst;uone  ecntcor.  of  the  cP3rthi"Ocxtos  and  a  i 
dV.i  i-’-crcaas  i  i  the  livov,  A 


of  fee.,  vorlc'is  rajlopvot^ctXvs  a;ents  on  the  reduced  ^lutatltiopo 
level?*  o;''~7-.7:a  tl'sruos  The  i^luvnca  o/*  various  radioprotective  arants  on 
t;il~vp,r.i?c’<ri’\i»t.ithfoho  Gor.t'jnt  of  the  iddnoy,  spleen,  liver  and  ileum  of  mioa 
•ja?  •'.c.'’.*'r.‘ci  »t  wc  and  throe  hotars  uftar  ir.traporltonesA  injection  of  msxlnuat 
toiei-.tel  ucsva  sf  the  owanounos  fis  reauitc  of  thes*,- neasttraisents  are  sttsoms* 
riwod  in  r.1*  le  3  in  w.blch  the  .ivera,':?  red-iced  glutithioos  contant  for  croups 
of  sii  .tuir.-le  .'.r-e  ju-jaented  tot'Sther  wltii  tho  average  .leviation  from  th*  mren 
und  thO  ,-Pi‘  cent  ch-inr.c*  .n  levels  as  coaparsd  t#Jt,h  acrmal- .wimals. 


'.'  •j  J >  i'.i  T'.ble  3  •‘•■dtent':  i.b.at  i-.cst  of  t.-.e  ioi»j)o-jr«3  smployid  fo.' 
this  n*  -.'ly  a-'p  no  r.c?iriej  r.bia  sf'ecc  <>n  ohe  rec’iiod  rlutathicac  contorit  jf 
nri-r-  V  -  u  n  .?t.i  i.i 2il  ioaucilon  of  the  oorMSl  levels  t/oro  obsorvad 

oftp  *  M'.  rj ';r.t  -I'  -i  h/drox/*ee-.<jnitrilM,  c/stslne  and  hydrox/lanloe. 
.i-i'.'.’ -f --c.  a-’ir.''  cauasii  37'.  reduevio.;  in  till  rileeu  .a.d  ?%  reduction  In 

c'  ■  ■;•'■  I  ,  .:o'ru  .r.d  hlst-'rAnc  ^.lused  c!»i.iv:es  of  a  similar  ■acr.lt-uds 

i.  i  '  .  :.l  ' :  »•*-  ine  anil  of  Ji.-iist.liyl.dlthlocarbsinats 

Cv).  '•  i-i  •:  .*n  t-r  t‘ip  irT.  »  ithlixo  cjr.iont  of  tho  Icidnor  and  *o- 

d'.;  i  .  T-.  .11-1  <  pj  j-hj droxrtCTt*-slo»  oaniad  a  h2i  doarcAos  la  the 

.'l  ;:  -  •  -t"  J  -  <  r-e  'rldtio/  Thi  rps'ilts  of  t'.isss  measummoDto  lRdtcs:’.od 

11-  .  :  '....e  xotritlve  «.-cntj  h.T'e  t  pr»eouno;.1  Influsnco  oa  tho  rs- 
du-^r?  •  J  .1 1 -.r. r'.  *  iiiv'-lit  of  "Wiar  tl.-i  .v  i  rif'fvlous  studies  In  this  l.tbors- 
t.or/  1  /.  1.1  ;i)  that  ^F.T  at  tiis  sspw  dosses  le-rel  lies  mors  pronouaesd  sf- 

feci.t  or.  s'lifhydryl  cnsjTws  then  on  reduced  clndsthldM  srd  slMtlsar 

rSBU'-ts  rra  ion  obtained  with  diiu>thylcn«.itltsi  dlsuthgTliithi'  .irbwestd. 


Infliiir.c-  of  vniloUB  rsJloprotsctivs  agi-nts  on  the  Isvsls  of  oatAaiu  i 
md  rpJu.-.er~^Tiri..>tS.Vor>e  in  tho  ti  swos  wmli*  rst;- .  io  tns ’sy,jrrtMiits* T  | 
pcrfl-'oi  alicvi  tho  rt lii'ced’ciu Talbioite  c-iovsnt  tissuas  was  ««a»jw«sa  or  ' 

eauss  It  was  A.>vXci).at.  d  th«t  •ffeets  of  th«  vartows  oru.^t  would  l»  iwpe  llwsljr; 
to  tnvolvw  in -.ion  or  Intoractlan  with  reduced  rlutatnlonu  than  wi  .'ti  the  OBa^ 
Jlasd  fom.  .0  obtsl’-  ‘  /orMation  tn  eonne-.-tiwi  with  this  sssu^ition  Mssurs* 
nsnts  of  'he  '  wt'iceci  and  totsdl  Kluvstliiiane  wrr<*  oerforMed  on  liver,  splsm  and 
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ilcw  of  rcto  oftor  treat.-M>ct  idth  ti»m  of  t)i«  ptwlooUro  ocoota.  Id  thoao 
wo^anoatf  total  ^utatl  iou  9««aiot-*d  of  tba  aaouDt  of  rodueod  ^vtathloM 
3*dLatlB|;  tu  tho  tior*>  fU  aftar  oleetroljrtla  rudoctlon  vbioh  vca  carried 
ewt  aecordlag  to  tlia  |roca<teo  of  Bebao  nd  WoodKard  {!'.).  Tba  remilta  of 
tfeaoa  aoaawaaaata  m*  aaoMrlsad  ao  table  3  lo  idriob  tba  emraco  valUM  for 
gpm^m  oontalalnc  ot  laaot  ■rtoala  are  prewtad  tosHhar  ultn  tba  anr- 
as*  daelatloa  froa  ita  wan*  tba  vaaa&ta  of  ttaoa  datandRstlOBa  daaooatratad 
tlwt  thara  «m  bo  alirnlfioaet  iaeraaae  la  raAroed  (^otatMcoe  aoBtaot  of  tba 
tiaaao  fUtrctee  after  olaatroljrtla  radaetloo  aod  tlwt  tba  protaettfo  aicaota 
bad  tba  aau  offOH  ea  tba  radoaod  elKtaflrlam  locals  baforo  Md  aftar  alactro> 
Ijtlo  mhKtlOB.  XaMfa  cim^vat-*£  «q  rad  blood  eolla*  Ugnaia  aod  iloM  of  raia 
aftar  anweuro  to  000  r  af  ebcaad  that  tba  aaaa  mtMmt  of  lablbltiaa  oe> 
oorrod  altb  or  rlthoot  olaetroljrtio  radaetioa  of  tba  i^oiathlaoa* 


PlaoJiasiaB 

fho  remilta  of  tbo  preaaat  iareaticotlo  Bare  ahoaB  that  asraral 
radlefrotaetira  a^tsiQta  eauae  daereaeea  ir.  the  rednoad  fflutatbieBa  lavala  of 
the  tiratiae  cf  rata  aod  otee*  QoMvar«  ta  ooat  oaaaa  tbe  ■wt  of  rodvotioo 
luoiinted  to  lata  than  25iS*  aBbatantlj.  daeraaaa#  la  tba  redusad  glatathlflaa 
levda  of  llvar  rera  ot.'a'rod  eftfi  ti’aataint  altb  bgrtbaayaoetcBltrlla^ 
egrttelao  aad  S^bpdrrc^'  >■:  .^taailaa.  'ill  of  thaao  eoapocada  bad  loaa  offeot  on 
tba  glatatbiOBa  oontart  c  '  'ha  tiaaaaa  at  aiaa  tbaa  aaa  obaarrad  la  rata* 
Aravle^  atadlaa  1b  ratorjr  (1)  oe  tbo  iaflnaDea  of  IKT  oe  ouvaa 

iQTBtoaa  her#  Indieatad  :  .  .  ■  ’  Ifbfthryl  eaagfiwa  are  affaetod  to  aa  aqud  or 
greatar  extoat  than  the  r  2  4  glatathioao  larala*  Thla  tiodlnc  la  of  coo- 
iddarable  Intareat  olnoe  .-o  ^e  attaatleo  haa  been  elr«i  to  tbo  peaalbllltjr  of 
wtoaatlBjj  tba  reeetlYitjr  ot  r-iUtfr-eoatalniiDg  radioisrotacUva  arenta  to  Wns 
of  thalr  atallibr  ta  raaot  «ltb  elatatbtonae  7l»a  resulta  of  tbo  proaoet  »• 
{MErlaantaj  &a  Mil  m  otsw  aa^Mrlneata  is  progrcaa  on  the  ■•'rtlOQa  of  tbo^-o 
eanpoands  ea  ecj^  aa<  i%*«  isdicatlRg  that  ttia  r«actlrlt)r  of  anlfu.*- 

ecotaining  protootlra  agoets  «dth  other  oallular  ooostltcento  oxoaada  tbalr 
offecta  on  glutathloN.  Ibia  flndlag  fwtbar  laeUoatca  tba  neeoaalif  of  eco* 
dnetiag  thorough  mmra  on  tbo  aetieaa  of  radisprotaotlro  agenta  on  varloua 
faioobaadeal  eonstltnanta  ta  citato  an  lodieatioa  of  tbalr  aoda  of  aetlon. 


1*  Aa  iofluenoa  of  ooraral  radtaprotaotira  agaata  cf  variova  trpoo  on  the 
reduced  d^atathloae  eontant  ef  rait  tiaansa  vas  atadlad.  Snail  dseraaae'i 
In  coaw  Uamao  aaoaatlng  to  laaa  than  3C8  MT*  ebaai»rod  aftar  a.tdal> 
ati'atlon  of  Ofaaldat  Mataa&oa  and  bgriraagrlaadaa.  p  laiiioiareidonbaHana, 
hgrdrojgracatonitrllay  S«»hydr<aqrtryptaali>a,  e7’a*alaa«  ABT*  aarcap^oatbrl* 
aalna  and  dlaatlgrlaMioalvi  dtaathyldltMooarbaaata  eaaaad  niinu./loaat  d  • 
oraaaea  la  tha  radnood  glutathioiia  laralo  af  ana  ar  aare  tiaanae. 

r;*  Haaaureoaqta  of  tbe  red'wod  glntatldoBa  eoatant  af  aaaaa  ttaanas  after  ad- 
alnlatratlan  of  varl.-r.ia  oagwaada  dt-waatraW  that  a  aaiU  ra-JBetlon  Ic 
the  gluUtfaloQO  lavala  of  raribaa  tla— ■■  oeanrr-d  aftor  troatarrt  alth 
tba  rarldua  ccaaMun^^a.  .^wovorf  tho  offoets  ca  glatothiono  vara  laoa  pro> 
nonneod  ihaa  ea  o^  ‘l^'lVdiTl  attgraoo  otadlod  provloaaljr  Mggootiag  that 


V 


the  i'eadtivity  of  cQnpmmls  ouch  ad  .)tVi-,n,vj.a7.ina  am?  /.;iT  with 

glutathione  cannot  bo  aosu^Hid  to  parallel  theiz'  re  with  ecajnr.e 

ayatoirs . 

3-.  Expopitrs  of  rat.3  to  '^00  v  of  vc  irradiation  caused  roductior-  of  t^he  a* 
duced  glut&t.liloDe  ievela  •jz'  thymuti  prythr'">cj'+e.‘3  and  i'eiir'.  ‘f/J  the  ex¬ 
tent  of  6ir/i»  32'J5  and  ITS  respectively 
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TKS  tfVKIK  <P  ICWIZIMO  SADUTIOKS  <‘d  THB  BKCHSSma 

cf  rurt  'ALLur  tibsiob 


Il«  Bffa(^8  VtrlwM  &«4c«l 
HMttfd-Iagttc 


‘  Vtrima  CcBpwnda  cm  th>  Mltrogr- 

Cn»y  la  fcyw  AoUvitl—  cf  GtUIo' 
Hjmiom  of  a»f 


Ilcrtiar<!  '  !Tlat*riiik«  ton  B.  BjgrBund  and 
r.antMth  P.  DuBoda 


Thla  rapcrt  Ttaa  aMIlty  ot  wlosa  oliaailcaX  agcita  to  ra» 

dooa  the  nltrogao  auatarT^nduoad  ehaagas  in  snagraa  aetlvitias  <tf  tba  aplaan, 
thomus  gland  and  anall  lni«atlna  of  rata.  Raaulta  of  anvlTal  atudloa  of 
aninola  pratraatod  with  aoM  of  thaaa  caopouoda  uaf«ra  injection  of  lethal 
doaea  of  a  nitrogan  auatard  are  alao  ineluded.  Ttda  atndf  waa  perfoTMd  to 
ooaipara  the  effaota  of  thaaa  radicidfaatf.c  dn^a  >iih  raaulta  obtained  In  our 
pravioua  atudiea  on  z-lrradiatad  aninala. 

IwMdiata  or  nlt^ta  apiOieation  of  the  reeultat  Iha  nitrogan 
matarda  mufl  related  a:'1qriailnc  eanpoiada  aSow  oaroinokatio  and  aoreral 
other  aeUona  aieilar  to  thoaa  prodoead  tgr  »-lrradlatian  and  are,  therefcm, 
called  radioKljietie  agenta.  A  nunbar  of  odgwaaida  that  hare  radloproteetire 
activitgr  alao  have  the  ability  to  eatasdniae  the  teodo  effeeta  of  the  aitro> 
gan  Buatarda.  Both  c/ateina  «d  S-Mreaptoetharlesiae  («A)  have  been  need 
elinically  to  eoanteraet  nausea  and  roalting  aoeoepeegrlng  x>irradiation  and 
eethrl  hla(?  chlorettorDaidne  {Wti)  hTdroehlorlda  tbarapr  (1»2)*  A  w«bee 
of  oarUtf  atudieo  in  thia  laboratcrr  have  iUuatrated  tiw  appllsability  of 
adenoalne  triphnaphataae  neasureaienta  ueing  apleen  and  thvnuc  glaada  of  it- 
radiated  and  nitron  euatard.treatat  rodeuta  tat  aatinatluK  dMa^v  oauaed 
to  the  beMtooolatie  ajaUm.  Thia  Mathod  haa  alao  been  uaad  to  qu«tlt»> 
tlveljr  detamine  the  radioproteetlre  effeot  provided  the  bawtopoletio 

^  ohoeleal  agents.  It  has  also  been  feond  in  this  and  stbv  labora' 
torlea  that  x-irr.-vlla  Uon  causes  a  doaa  dependent  decreaac  in  the  aeetgrl- 
cboUnaateraee  acUvitjr  of  the  aaall  inteatine  wlthla  a  few  dayn  after  ea> 
poaurej  bwever,  results  of  ainilar  stiallaa  usli«  the  attragan  uostarda  have 
not  been  roperted.  The  current  etudp  eonslfted  of  tbo  applloeticn  seae 
of  thaae  rtivUnga  on  x-1  rsdlited  aTriaale  to  evaluate  the  atilitgr  of  various 
oharical  ugeota  to  antagonlsa  the  rt—ging  affects  of  the  nitrogon  auatarda. 
InvoatigaUas  of  the  affeet  of  102  on  the  ehollnoataraao  aeUvlvr  of  the 
■mall  inteatine  wae  alao  owrici  out.  These  aocperlMata  offered  the  poesi- 
bilitgr  of  obtaining  additional  infornetlon  of  the  naehantaH  involved  la  the 
pretcotive  eetion  provided  Igr  various  cheeleal  aganta  »ad  thw  aid  In  ovr 
aubaonuant  rasaareh  cn  radloproteoUvn  ao^ioiaids* 


OnBaia  et  •!«  (3)  hava  ahoun  that  tha  adelttistratiea  at  aublothel  and 
lethal  doaea  of  ethyl  bia(  2«ehlcretlnrl)anine  (HMl)  end  net^  bis<2-ehlsr- 
*thgrl}enlnc  (W)  produce  doaa  depondont  inoreaaec  in  tha  edanoaina  triphea- 
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ph*t«s«  •ctivlt/  or  tr.-!  \  T  ilisues  a*  and  that  th«s«  tn-- 

creeses  u*  auwitMl  e*  .  «  to  tour  days  after  injection  and  are  reversibls 
after  st&lethal  ■ioate,  T ,  -estslts  of  these  atodiae  Indlreti-o  that  the 

Ksistards  ar*  :  —  ‘  ■>»lvaly  etailw  to  x^ray  In  t?.elr  a^.l]<t/  to  iii- 
CT^aw  ih*  adti^tsins  tr‘  -  '  ■  aotlviiy  of  hsnuhlopoletie  tlssiies. 

Stsdles  of  i^ier^ea  aiii  I'.  *a  Jlj)  a.id  oor  raoaot  erperlBaats  (5-9)  .'»iva 
llli4itrated  the  valoa  of  ade  :!oalaa  'irip.ho^iata^  aeasya  oa  the  anlaena  and 
thywis  ^landa  of  rata,  rmtreate^  tdth  '  arioiia  eheMioil  araitta  bafo>‘e  radi- 
atloQ,  as  Molci'ieal  iiuHcaterr.  of  tha  radlopru^otlTS  sffejt  of  these  co»- 
pouttda.  Thus  the  narked  aLdlrrltles  bjt-.'eoo  tha  erfest  of  x-lrradiatico 
and  nitrogen  nustarda  on  tho  i'lcreaaa  Ir.  anzyao  ar*lvitjr  ladicated  tlist 
adenosine  ti'l phosphatase  arsays  night  also  be  aDviieable  as  a  aeana  of  de¬ 
termining  to  vhat  extent  chemical  egents  /srotset  A{;alnst  nltrogeo  nust.ird- 
indiiced  damage  to  the  heBatopnietlo  tlasiaea.  To  test  thla  poeslbilitjr  tha 
present  study  Wij  coodaoted  anJ  several  agents  known  to  pro-/lde  protection 
against  radiation  lothallty  were  tested  for  thalr  ability  to  redoee  tha  in¬ 
crease  In  adenosire  triphosphstase  actlsltgr  of  tlu.  aplcen  and  thysus  glands 
caused  by  HN2. 

Tha  effect  of  nitrogen  nuatsrda  ee  the  acetylehollaastaraae  activity 
of  the  snail  intaatlna  has  not  been  studied.  Hoerver,  its  ellnleal  use 
causes  nausea  and  i-^tinp  sinilar  to  that  resulting  fron  x-irradlatlon  (1,2). 

Coull  and  Curringa  (10,11}  have  ehoun  that  the  aostylehoUnesterase  utl^ty  I 

of  tha  intestine  is  mar'Kidly  decrr.os>;d  following  total  body  x-ray  and  tha  af-  i 

feet  is  doea-'Jependent  follcwlnc  e.tnosuree  as  great  as  1200  r.  Our  recent 

rtudies  (S-9)  have  iU'.s'-ralgd  that  the  degree  of  modification  of  tho  de- 

c.'er.se  In  acetyisKollnef.‘«.-.-,3e  activity  of  the  aeall  Intestine  caused  by  ths  I 

r'’.i',nistraUo!i  of  .j'nricil  c'eiocuods  bsfers  exposure  to  radiation  la  a  valid 

indication  af  the  ;irot(  .'  •'  ,l  effect  treviied  thla  tlsj«e  hy  tiie  ampsmis* 

Tlius,  exT;eriaantc  wore  vs  -.  i-'ten  to  detoraine  tha  effect  of  HK2  ou  tba 
cholinesterase  activity  i-''  i  awsH  intestlna.  Results  of  theaa  aiudies 
Indie  itc  that  !W'  caiict;  •  •  ■  .d  rteoraaw  Ir.  the  cholini-si-irase  activity 

of  t  iO  crjill  i:;testine  vi*;’  ,  >  not  atrlctly  dcse  dotvandent,  but  is  mTHMi 

at  abojt  threo  otya  and  r«'..-;u  to  nontal  after  aublsthal  doaes.  The  ability 
of  some  radioprotective  eit?)ical  agents  to  reducs  the  in<2-indxiced  deoreaee 
in  acstyleholli'esterase  activity  of  the  snail  Intestine  ia  -leo  described  la 
this  report. 

Materials  and  Wethode.  Adult  fssule  Strague-Dawley  rata  were  *  d  for 
thoce  aji-ierinoDts.  the  ahinnir  were  urintsiii^  lo  adr-ootwUtioned  quarters 
and  ware  fed  Rockland  rat  diet  and  water  ad  libltuw.  The  eovipouada  used  in 
this  MTS  adnlnlstered  as  neutral  aqueous  ao^utlcaa  st  spproprlsta  tlnw  s  ' 

bsfore  InjooUoi  oi'  H.f2  hydi  ochlorldo.  Tht  cjncentrations  ol  ths  drugs  used 
in  ocnbliiatlons  wers  sdjusteo  to  pemlt  Intraperltonesl  injections  of  total 
voluflHS  not  sxcsedlng  l-7j  of  tha  bO((y  vetght. 

The  adsnosine  to-lphosphatass  setlvlty  of  t)is  aplaeoe  and  thyiau*  glands 
of  rata  was  gwartred  according  to  tha  eathod  of  OuSois  and  Potter  (12)  using 
0.3>  hoeocenat^e  of  spleen  and  K  hosoganatas  of  thywta  glunsa.  Aca  ve  wars 
perforaed  in  duplicate  usln^  uwo  Isvels  of  tlssua  (0>l  Ml.  and  0.2  aX.  cf  \ 

henoganats).  'horgunie  phosphorus  was  aeteminsd  by  th*  procadnrs  of  flsics  t 

and  Subbarov  (13)  mti  the  onayne  sotivlty  wee  expressed  as  /ige.  of  i^gpharus/  I 

ngn,  of  tlaaucflS  lalnutee-  I 


\ 


I 


^ aotivity  of  tU  n«U.  intootico  wm  do- 
torniavj  fcor  tho  Mnci'  lothod  of  OuBoU  tad  Mofisar.  (14).  A  p««oo  of 
tho  jojuow-llitia  woo  :  d  Atom  tho  Hoaontorlo  ocrsaactit*  tSmsm  oad  fat 
aod  l«iciturtxMll/  dls.  •  -  j  tc  .  -prt  tho  omtODia.  Th»  tlsw*.  vos  ttwi 
mahod  teloo  vlUi  dletlllai  v^ur*  ttattod  Aqr  idOi  fUltar  paptr.  laaaad 
aad  Iwogoalaad  Mth  Fln.'r/!r>tu4M;<taiata  tooffar.  Itiaaia~n«i  till  a  w«  eoa> 
duotad  la  dupUeato  oaiaK  $0  apa,  of  tlaaoa  oar  Mrttai  vcaaPI.  Tha 
T^la  m  gMiMtd  »ia  U  COa  aad  9$^  R,  f  v  flira  alavtaa.  Garbcn  dl- 
oodda  avolutluu  waa  raoerdod  al  fl»a.^buta  iatarrala  far  a  pariod  «f 
thlrtpr  Rlontaa  followlaa  a  ra^Haiaigry  tan-alintta  torUlhrttlaB,  Aeatyl- 
oMUa^rnaa  aeUvlt/  «aa  aaoriaaod  aa  ;il.  of  00^  ordlvad/>0  ■».  of 
tlaaaa/lO  aloatot.  ‘ 


toarlaictal 


Tba  affeot  of  varloaa  oiiaidaal  o 


ca  tha  adaojaloa  terli 


Hi\^ii^w^;ino  itagj.  maoia  aM  Fataraaa  1157  h«a 
that  taa  inoraaaa  In  tha  adaaoolaa  trlpaoaptotaaa  aeUvtty  cf  tte 
and  tlipMa  elaada  of  rata  roaehad  a  — at  approalaataair  tivaa  dara 
aftar  x-lrradtaUoB  or  aftar  iM2.  Oar  rooaot  atmiaa  (S-9)  lUnatrata  that 
^  abdUtr  of  ohtadeal  coapoMada  to  raduoa  tha  laoraaaa  la  oama  aotltritp 
of  tha  qtlaona  and  thyaua  slaada  follawlm  x-ragr  ^  a  valid  of  quaatl* 
tatiac  tha  radloprot*.  tiva  offaot  of  thoaa  agaata  oa  tha  laaafnpniallo  ovataa. 
In  ordar  to  eoa(<aro  tha  affaota  of  varloaa  doaaa  of  BQ  oa  tha  tri* 

phoaphataaa  aetlvlt/  of  hoaatopolatie  Uoiaua  vlth  thoaa  ohtoload  aftar  vari.> 
(S:,  .r-oopa  of  foot  to  alxltt  fonld  rats  wra  slvM  dosoa 
rf  Hre  ttm  cri  ^•jr.A»i.  to  l^TS  and  tha  oeagrsit  aotlvlv 

of  tha  ^Oaaa  and  thyrr  r  ;l«nda  tm  datcndnod  tte«a  dgra  htUr^  Sfec  >ra»,‘:lt8 
V  ^aa  toota«  idtloh  r.<-  '•soontad  la  fl^Bra  1  ora  is  igraoitaat  with  tha 
fladinga  of  ItaBola  at  o'*.  v3)  Mho  nhwtad  a  doaaTdaptodtai  raUtlonahip  ba- 
twaon  tto  aaooot  of  iooreaso  la  wqrna  aetivltT  and  tha  doaa  of  HR.  Bowcvar. 
doaaa  of  8R2  la  axaoaa  of  1  a^kApb  vara  raqidrad  to  eaoaa  a  r^hatontiil  la- 
«*»“•  «»•  aav*  aoUvl^  of  tha  thpnaa  glanda  «dad  ilthoiath  aublathal  doaaa 

oauaa  alidlar  ohaagaa  la  adanoaina  trlpboaphtaaa  aotlvltgr  of  tha  aplaon  tba  la- 
eraoaeo  prodaoad  an  ara  not  as  aarkad  aa  thoaa  prodneod  Ip  auhlotbol  av« 
P®****  ^  x«lrradlatloa.  Tharaforaf  It  la  atra  dlffloolt  to  accor»*vijr  qokaM'- 
tata  tho  protcetlva  affoot  of  ohooloil  o^aota  i^niaat  tha  toAoxtv  of  Htl2  Ir. 
taraa  of  par  cont  radooUoa  of  tha  daaa  thao  la  tha  oaiw  of  r.-riv  ($).  Ihns 
ohMloal  proteotloa  agaiaat  HR  haa  baaa  oooaldarad  la  tida  atudjr  aa  tha  ublll* 
^  at  varloaa  agonta  to  radoer  tha  tooraoM  la  adanoadoa  trlpboaphtona  aotlvlttr. 
*•••  •ajraa  ohaagaa  wora  oapraaaad  la  taraa  of  por  ooat  of  aoraal  aetlvitr. 


dovoral  oaXfwr^ooataladac  ooppov —  jora  booa  ohoaa  to  prr^oet  rodanta 
agaiaoi  tba  lotbal  affaet  of  jrdrrodUOoa  aod  altrogaa  Boatarda  (16).  I,  aro- 
7t  WOO  of  lataroot  tv  datoaodao  tha  affoot  of  aooo  anlfar-ooatalRlnr 
rodioprotaoUva  ooapoaada  oa  tha  odoanoini  trlphcophtaoa  aatlvitf  of  HU.' 
troatad  rata.  Tha  raiMlta  of  thaaa  atodlaa  ara  maiatail  la  Table*  1.  Za  o' . 
oaaaa  tho  .oapoaBda  oadar  lavoaUgatloa  vara  gavaa  prior  to  X.S  w.ARa.  of 

for  roto  oador  tho  ooadltloaa  of  oor  wiiarlawriia  iubaudotratloa 
of  i.S  R||K./E0k  of  ••T’  roaoltod  la  m  looranoa  la  "^Itniralni  trlphoaphataao 
aeUvltgr  of  too  aplaaa  to  188!l  «id  of  tho  thpraa  gl«d  to  20^  of  iiora?lu 
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tir*®  dT/8,  The  ehility  of  the  <ilt.-ii»»i»rV_~j»tes,  wtilch  p»c»l.‘.  alfpilflcnat 
r«llopr«*»«tl- «  •f?3.':te  In  aJc#  ill)  ret*  w  co  an-.er  .ct  the  tcrlc 
efrcct*  of  iC'i  h.->*  sot  he«»  rrey^ouelr  raterted.  The  a  kwhIj.?  rsf  >il- 
fc»tl5r341thlc*.v%iu*le  said  tiV£9C(  mdeced  »Jie  Incrsne  Iti  the  »-'';r.rstrM»  irl- 
phoepfeatene  •cttv-'.tT/  9if  tk*  raJesf  aaa*«d  Itjr  tHS  te  It*?'  of  o-srifsT  hir'  r-M 
no  of  fact  ca  thj  fx'ilvii:''  oi  ca*  ti^m*  rlead*.  tb*  phoephoteae  oe- 

tivlt/  of  tiiM  dpl«an  aod  ttcroij*  taerusod  to  l?ii>  mt>  lUii  oi  norMl 

roaneeiiTclf  eftor  orotreotaMit  with  tho  aodloo  aelt  of  e-tot^^ldlthlecarboKLo 
taUt  (ORDTC)  flven  fcofore  iC?.  NereeptoothTlw'ine  >od  qrstouwv  which 

hoTO  been  uaod  alinivelJljr  to  c>xet«raet  the  odrerM  effect*  in  HS2  therepr^ 
rodocod  the  leereeoo  In  etiijm  Actlvl^  of  the  apl«*r  to  y>$i  and  of 
OflQtroi  roapecttveiy,  WA  had  *  tll«kt  tMoeflelei  effect  on  tb«  Utouo 
glead*  wkl  cjr*t*in4  we*  th*  noot  offleeelooi  of  the  ceapouada  teatod  ia  thla 
stuiir  in  radndne  iba  Incraraa  In  tba  activity  of  tola  tUsti*..  Uao 

taiudred  ope.A£;><  of  r-idacad  r^lutethlcQe  (OSH)  befer*  m7  coHaod  jprotoctioa 
elaller  to  that  provided  tqr  iCA  le  tba  apltoB  aad  radneod  tha  laerocM  iB 
edenofrine  trlphoruhatia*  activity  of  the  tiQ«io  glecd*  to  l59i  of  oomaL. 

'iia  ia  In  e^^cr-.cct  with  Theridatff  (l8)  who  baa  abonn  in  ale*  that  QaH 
^tica  rou^bi^  tha  prctectian  ag^nst  HX2  a*  tbat  provided  by  MEA* 
rHa  luvastigetcr  .has  o  feued  that  A£?  offara  alight«  although  al^ilfio 
cantt  pt'otoctlon  ag&i'.:*.  'i’’  lethality  In  ideo  but  adonaalne  hrlphoapbatase 

aaaeya  an  tb*  aplcen  '  -va  clocda  of  rata  do  not  denocatreto  tbla  ef¬ 
fect . 

OiT  ('.■evloaa  e^. .  * -J-?)  hero  daaoaata'atod  th*  adiitivo  protoetlve 
affect  Drjviced  by  eertai  i  ''ablnatlcna  of  ciMcleal  eesrotaUa  agalaat  tba 
daaaging  effecta  of  a'l<*ra.ttatlan.  Thorefnr*,  arvarel  conblnatlooa  of  eoM> 
ps'nii'a  WfTA  tl^e'^ed  for  their  ability  to  reitsco  th*  locreeao  in  adoocala* 
trlp'.ceoh  tT.^aa  activity  of  tha  aploea  end  th/«M  gland*  of  rata  treated  »dth 
Tho  ctaMcation  sf  oyataln*  ur  QSH  with  K97TC  rrodnead  ad(li.tlv«  bar:  • 
fid  si  ei‘'e:ts  in  th*  cplean  as  evldatjcad  ty  tba  redaction  of  tho  Increea* 

'in  ectivi*/  to  'i  3i  of  ecotr-'A  In  both  oeaa*.  Tb»*»  eoasid,;  etlone  did  not 
xa'urp  *:r-  r'f  •_  «♦  Ji;i2  «•.  ba  thTH’.a  »Aanda  to  a  groatar  ortaot  th*aB 
eyetcinc  rr  f-.  '.sn  aiad&lsicrsd  itloott,  Caat>toatlao  of  cystolno  irttb  DncTC 
ard  vith  I.V'.'J  iii  not  cra/eot  th#  increaaa  la  adanonin#  tripboopttataaa 
a:tl/^.ty  in  Uia  eplcma  to  tho  *rtac.t.  of  EtUTC  alone  or  in  tha  thjrana  glenda 
to  Abe  d  .-r-.e  obtained  wlUi  cither  c/aveiaa  or  OoH  obdnlanerod  alngly.  Tie 
ad('lti\e  /a  iope'otoetivc>  affect  of  cysteine  plua  MiA  baa  boan  daKnnatreted 
In  thia  Ic-.c  -atcry  by  ?*t«r*>.u  miJ  Imooi*  (ii).  Howaverf  this  eosblnatico 
given  b.if>re  '.n2  114  not  reduce  tha  ineraaae  lo  reayw  aetlv«tl*a  t  "m 
ba'x  ".nci>.ti*  tiaeusa  nl  «ii*ri  to  tn*  ertart  of  eyateloa  alcne.  Seoafluirl 
effects  (.  c/»beln«  plus  GbH  ware  obaarved  in  tba  aplacn  but  act  In  tb*  tlc^ia 
gland  of  {N7*U*v«tcd  ar.ie4ils> 

hlnoo  aavaral  a'llftar-contalnSag  rodloiretocUv*  ttmpomdM  adilbltod  too 
‘lility  to  reduce  trrs  JACAajping  affect*  of  ifiT?  <r.  tho  baaiatopaletlu  tiaanoa  of 
.  >ta.  It  was  cf  lstf,r  tit  to  rlotnratna  tho  ofi'ser  of  a  tm  protoeU  c  acaate 
tliat  aro  not  of  the  a.  f  i.'-ccntaiaing  typo.  i^A'oaylaadno  and  aaretenin  wtiaj 
tharaforo,  inalodod  Ir  to:  -  ctwij  and  th*  roaulta  lodicat*  that  tbar* 
fell  to  radoea  tbo  oan-  of  HK?  on  tho  aploan  and  aerkolty  toorreo. 

'!i*  tosde  affoet  cf  Ki?  thywM  ploads.  In  both  eorporiaonta  too  uf  fi«a 

auiania  'Had  witbia  to*  t  i.-i'c-day  period  thaa  lndiC(>Miv>  an  Ineraaoei  'yoadclty. 


It  mM  alao  ootad  that  tin  h(fdroi9rX*«iB»-laehiei)<!  IncTMM  In  iplNii  aiaa 
t)uii  wM  obMrvwl  in  our  n>o«Rt  agaMt-lManta  cr  radiovret«!etiaa  wts  not  •vl' 
deat  tlr3«  days  after  HH?. 


Tba  affect  of  vk-Iimu  oiMb.  al  eoapoiaida  oa  the  aoatarleholtnaataraaa 
aotl^lty-grtHTSar  i  raa.nS"iCS  'ey  HP  MrSr 

«iai!unif~' at  tfta  aFK^it  s  of  HM?  «d  z-lrradletiai  oa  tba  aitaBaaina  tarlpiio»> 


phataaa  aetl^itjr  if  tba  ;in'.aaa  md  tM^maa  RlaBda*  it  vaa  of  Intarast  to  da^ 
tarulaa  vhatbn*  UCU  al:«il;  rltr  alaa  aviate;  la  tba  choUaaataraaa  aa- 
tt«itgr  af  tha  aaall  Irturiino.  far  tfeda  amarlaant  graopa  of  fltra  anlaala 
uara  iojaotad  ntb  0.5  npa.Affi'  cf  W2  and  tba  lU  lataatlaa  vaa  assayad 
ter  eholiaaataraaa  aatlvitjr  at  taalva  boura  aad  1.  2«  3j  5  aad  7  latar- 
rala*  Saaijlta  of  thia  atoitr  ara  praaaetad  la  Hguea  2.  Ibar  ahov  that  a 
dacraaaa  la  tha  choXloaataraaa  aotirltj  at  tba  Mall  iataatlM  la  arldaet  la 
twelve  houra  aaa  that  tba  dauraaaa  la  eazlaal  la  two  to  Urea  digfa  with  the 
actlvltgr  rapldl/  rataraing  to  ocnal  Mttbla  aaroa  dagra  attar  a  anblathal  doao 
of  O.b  a^./k^. 


It  vaa  also  af  Intaroat  to  deMralno  idtatbagr  tba  daaraaaa  la  obolln> 
aatci'aaa  aetlTltr  ecu<j<ad  bgr  ttf2  Moa  doaa  dapaadaat  aa  It  la  la  tha  eaaa  of 
x-lrradlatloa.  T^ma  9*«upa  at  flea  rata  ware  xajaotad  idtb  varlorja  doaaa  of 
HM2  raging  tram  0,2$  affi./kpa,  to  1.75  aM.Apu  Itaa  anlaala  wra  aaoriflead 
ttraa  dqgra  later  aad  Um  Mail  lataetlaaa  aaaafod  for  aeatylebOU  a>'ataraaa  ae~ 
tlrltgr.  Ihe  data  abowi  le  ngara  3  lUnatrata  that  0.25  avkAfa.  of  riKZ  baa 
little  or  BO  affaot  aa  the  acaym  aatlrltar  bnt  that  0.5  m^/k^  oaaaoa  a 
marked  dacraaaa  Aallaz  to  that  oba oread  wltb  hOO  r  of  ZHPar.  Ihla  daoraaaa; 
although  aubjoot  to  ratbar  alda  varlatloB*  la  oal^  allghtly  aahaaoad  bgr  largor 
doaaa  of  HV2.  Ihua  It  la  aeidaat  that  although  W2(  1^  x-fif*  produoad  a 
dacraaaa  la  acotgrlohoUnsataraaa  aetleltgr  at  tba  aaall  lotaatlaa  wblob  la  ye« 
verudbla  after  sublwUial  doaaa»  it  did  oot  predaea  a  doaa  raawauw  cvre«  that 
i  a  atrictlf  doao-daT>andant.  Haaoaf  It  waa  not  soaalbla  ta  aoaareita'iy  date^'<3lno 
fho  cuentltatlra  i>  >lllt7  of  varloha  "baadcal  agaata  to  aatagoaiaa  tha  toado 
affnota  of  HR  In  th«  ir '■/  <i*..na  b«t  adaoa  aaearal  agaata  (Table  2)  radaead  tba 
HN2-lndoead  ehanra  in  ncntrle'iollBaataraaa  aetlelt/  It  aaa  arldMt  that  thaaa 
oompouDda  dlrplaf  a  pred  -  •  -a  affOat. 


Tba  data  la  Table  7  .ndleato  tbat  1.5  apt./kpt,  at  W2  aauaad  a  deoraaoa 
lb  tha  ehoUnaatoraaa  activity  at  tha  Mall  liiteatlaa  to  itl;f  of  aortial.  Xt  la 
Intereatlog  to  note  tbat  DiXTC  ood  OEItC*  wbloh  la  ov  praelaaa  a  t>>**  -a  wore 
ahown  to  aobanoa  tba  daoaclng  affaeta  of  x~ray  1«  tba  Inteatua.  aljoeat  anttr»-- 
ly  preeaotod  the  narked  daoraaaa  la  obolinaataraaa  aatirlty  aauaad  by  HR.  A 
doaa  at  200  nga’AM*  if  NU  did  aot  alopiifleantlf  reduoa  tha  IBL'«liidaoad  d«- 
oraaaa  la  aatgraa  aotlelty.  HowowM,  Adalnlotratioh  af  oyaiatMt  uiileb  baa  bam 
uaad  affaetlvaly  agalaat  tba  rumaaa  mad  eoaitliig  tbat  aaeoapaiqr  Mg  therapy, 
prior  to  tbo  nltrocao  anatard  alaoot  ooMoletoly  proeaatad  the  daaraaaa  la  aacnaa 
aotleity  aa  ael  ended  by  eaollnaataraaa  aatlvlty  ioeala  that  we  '■‘.'t  of  uoraal. 
ObH  and  AKT  failed  to  altar  the  aBaoBt  of  daoraaoo  la  ohnilaaaoaraoo  aotlvl;.r 
cauaad  by  Kk?. 


Sovaral  aoaldoatlaBe  of  ehanna)  uoayowada  vara  teatod  far  ttoticlloD 
ogalnat  tba  -.aaroaoo  In  oboXiMotaraoe  aetlelty  toUowliig  lujoetloa  of  oltrogan 
auttard.  In  each  aaaa  aaa  aad  asMUaso  both  at  me  ag«ita  glvoa  la  ooohlitaUaB 
aboaod  lodlffotloiaa  at  r^rlrad  protaatloa  idian  f«.«ia  olcop  aad,  tharoforo,  the 
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THB  EmC:'  .,110*!S.  Sa.n>C'u6«V5  m 

ACEmCKOL.:  r.  ^KR'^aS  ACnTlTT  V  Tt'Z  s:«lj. 
EiTESTXKi  or  ae2-tHEAT£D  Hj'.Tc: 


TrMtMDt 

t 

Sow  Iji 
KfPuAcg** 

■  * 

!  flM  Cf 
Xpjsotlbii 
Bazars  K«2 
()iLaut«s) 

CLsllrwstsrsss 

i 

Activity 

A  Of 
Control 

Control 

•  0 

1 

UVl6 

•  •  • 

HK2  (onljr} 

1.5 

•  • 

1*8113 

f 

1*1 

0:3m: 

Uoo 

5 

120l|( 

102 

moTc 

600 

5 

112*16 

96 

MEA 

200 

10 

57*12 

b9 

Cy*t«lna 

1,000 

1; 

105*12 

90 

QS»»  1 

1  '  T 

15 

12*(( 

36 

APT 

10 

i,ot$ 

W 

CjriteAno  pTu# 
DM)TC 

1.-; 

!iOO 

15 

5 

UI**19 

97 

OSH  plna 

D.a)TC 

900 

liCO 

15 

5 

103*25 

M 

CJrstalM  plus 
DSCTC 

1,000 

600 

15 

5 

lClt<*19 

39 

OSH  plu« 

DEOTC 

900 

600 

15 

5 

m*u 

95 

Cy4ttin0  plus 

HEA 

1,000 

200 

106*21 

;2 

Crstaioo  plus 
OSH 

1,003 

900 

U 

103*16 

86 

Hirtiraqrlasdns 

1 

75 

1 

5 

39*3 

33 

Ssrotonia 

20 

5 

39*5 

13 

V 
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•ftleae^'  of  tb«M>  coifcliwtio^  vaat  be  detem)j;<e(i  tbe  tiiUily  to  panElt 
rarrlval  after  lethal  doaaa  at  ni2. 

gydiirylawlne  ar^  earotcm^n^  tue  of  the  iion>aalf«r-eoBtainliic  rwHf.a- 
proUetl'wa  ocB^ounda,  '  ncreaaad  tu>  Jaiflwg  effaeta  of  tHZ  la  the  Intssttna 
aa  avidoMod  reduc'ln  of  the  aoatjrlelieltaaataraBa  aativltr  to  VJ  of 
eoraal.  Aa  oolatad  our  la  thla  report  lifK  of  tha  anlaala  treated 

with  theaa  carycrjada  h'/rvc  ra2  failed  to  aorviea  tha  Urea  dy  aaaagr  tlao. 

ITm  ef’eet  of  chendeal  onaaBaada  oa  the  3&»dar  aunrlval  of  rata  after 
InjeetiS  of  tada  doaaa  ac  lo^ta  of  the  atadr  ImUcatad  ihci  awaral 

ohMoal  aitaata  were' oapah!u*'if*radaelDff  tha  degree  of  nc-ladsood  aoaroa 
ohanrao  la  the  haaatepoietle  tlaaeea  aod  tha  tnteatlaa  of  rata.  To  aaoertaln 
whether  <hla  prote^llvo  affaot  aoald  bo  related  to  tha  oltlaata  aorvlval  of 
the  aalaala  aowa  at  theaa  aKoata  ware  adalnlatored  before  Injectlcn  of  doaea 
of  iU2  raogioe  froa  tha  ID^  dooe  of  1.$  mga,/kgi,  to  $  api»/)c0t.  The  abili- 
tgr  of  a  eoapound  to  proteoV  wee  thaa  oorrelatad  with  the  laoreata  in  tha  U)^o 
doae  of  the  nitrogen  aaatard.  In  proltalnary  atadlaa  liOO  apkAj9>.of  lMDIC 
prereatod  aortallty  of  lOQl  aad  20$  of  the  itaala  injeoted  with  2.$  a^a.Agp. 
and  5  a»».Awi.  of  9G  reapeotivel^.  ^^hh'UijrlMlae  did  not  rednoe  tha 
indaoed  ^Itaratlona  ia  tha  aaapaa  aetlTitlaa  of  tha  Ueauea  atadiad  aad  |ra> 
traataant  with  thla  foapouad  raaaltod  ia  60$  aertalitf  after  injeotion  of  tha 
doaa  of  nltrogan  aaatard.  firthar  ataiHaa  are  ongrraatljr  io  prograas  to 
aoro  aocaetljr  datarwl&o  the  ability  of  INOIO  to  eoantoraet  the  toodeily  of  1012 
aod  to  eorraleto  tha  rodnetion  in  tiaoao  dauge  prowldod  Ip  oUwr  anlAr- 
aaotalnlnc  eonpouado  with  aurrieal  after  laereaa^  doaaa  of  BI2. 


Diaottaodoa 

Tha  rroalix  pr«  sauted  in  thie  report  deaoaetrate  the  epplicctloa  'Tt 
unsiyea  eaetpa  on  tier  r.idtiTe  to  nitrogea  aueterd  imofia  aa  a  bsxob  oi 
a*aluating  tha  protro  .  cffacta  prowidod  tp  ehoaieal  ageato.  Tha  findlnga 
illnatrato  the  pooedbi  1  ‘  hat  oortaia  ooablitatione  of  ohaaloel  agaote  nay 

proridr  additive  proV  '  rffeotai  heeatvar»  qnantitative  evaluatioo  of  the 
beneficial  effeote  ret;  r:  -  iforrlvai  data  boeanoo  HR?  tSost  not  eaaao  atrlotljr 
doao'dapaadent  oaapaa  o!..'  < ;  ca  la  the  Upwea  glaala  aad  loteetiae.  The  anlfW' 
ooatainlng  ooaponads  eaployed  ia  thie  atuip  that  rednoed  the  alteratloae  in 
onareo  aetlvlt/  to  the  greetaat  aactaat  eere  eiatadne,  DWrC*  and  ^TC.> 

The  norlced  da^ea  of  rodnatlon  of  the  n2>iadaoed  Inereaoo  in  aupae 
aetivitx  iTodaBed  Ip  cyateAoe  as  ooapared  to  that  oeueod  Ip  KiA  a^r  bo  p.  »• 
portloael  ta  the  relative  toxioit/  cf  the  two  owpoande.  TUa  obacrratlan 
lo  la  agreaaaat  with  the  raeulto  obtolnod  Ip  Salerno  m4  FModall  (19)  who 
foead  that  tha  ev^nitada  of  protoetiaa  of  these  eoppoende  ogoLnat  the  toon- 
leltp  of  1112  eoi  dlreeUjr  prnportinaal  to  the  aelar  doevgo.  Oo -*0011101  at 
el.  (16)  here  elawlp  dmnetreted  nlth  labeled  MB  that  thla  nitrogen  a'iStard 
ooablnea  with  ojreteine  to  vivo.  Mae  protreotod  with  epetolao  boforo  av**  in* 
joetton  axorotod  o  rea^^iVvi  prodnnt  of  the  two  etagoiBide  to  the  urine  enci 
thara  waa  o  ooritol  breahdeaa  of  tht  roaeticn  produot  of  MB'  aort  r^rstoine 
shod  it  i-ne  adnidlatorod  to  nieo.  Thar  of  ora.  It  appears  that  tha  protoettoa 
la  oniaala  pratroatad  with  e/atalaa  and  thaa  clvw  MC  la  at  loavt  pvtiaUp 
doe  tc.  aheateal  Iumi  avatlca  to  otwo.  Thaw#  Inoaatlcatora  olao  fooad  that 
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Bodlus  nltrntc«  which  «cta  in  x-ray  notectlon  pit-rumably  bgr  prod’iolne  ft 
af»theMor;xoblnealftf  does  not  roditee  th«  lad  ii.ty  of  W2.  Aie  would  not  ftx- 
roet  ftgKits  such  «a  hydrosyianino  and  to  protccticm  ae«ir*t 

fiil2  duo*  fta  atated  Igr  van  Bakina;  (20) »  bliblo£i«>»l  ^ftlcea  wy  muirt  ttiair 
radioprotaotlva  offect  iifMcLnta.  i  of  circulai  U«>  f>ud  ftobvas^uitat  r*- 
dt'.ctloo  in  tlaeuc  tcaaloD.  IdQreoa  tmidon  lnfl\Mtkeeft  radlfttlJA  In¬ 

jury  but  not  tha  acilon  of  HH2  (l£). 

Xt  wftft  iator«jti.-i,  to  note  tbat  EMDTC  wt-x  BEDTC,  whlcb  har*  b«« 
ahown  In  thla  laborator.  ' '  }  to  anhane*  tb*  dawij:lne  affcot*  of  x-£rradl- 
■lion  in  thft  inteatlno,  C2H|ilatftly  raducad  th«  dana^n^  nffuatc;  of 

l.$  mgra.Ar^*  of  HN2  In  tiaaua.  Baeant  atudlaa  of  TharicelaaQ  (10)  heva 
au^goatad  that  tha  noin  cv.'ls  of  death  In  wlco  aftaa*  adslblatratloo  of  • 
lethal  doae  of  HI>2  la  nrlnxt'lly  due  to  ititaatlnal  damage.  l'ht»  the  ability 
of  tha  dlti'iocarbanatea  to  rednoe  the  dasaglng  effecta  of  thla  nitrogen 
nuat-urd  on  the  small  Intebtine  nay  partially  explain  the  protective  effaet 
of  thoaa  corpoi-nda  afi^nat  nonally  lethal  doaea  of  iiII2.  Thla  Investlgetor 
hsa  also  shown  that  AST  provided  slight  protaetlon  against  IM2-lnducad  Mor¬ 
tality  In  edet.  Rasul ta  of  this  atu^  show,  however,  that  AST  ia  not  ea^m- 
ble  of  r<)diiciKf'  the  damare  enuaed  hy  thla  nitrogen  auatard  in  the  tlasuea 
undai*  Irveotlf;? '  1 V-  when  tha  en;:y«a  aaahya  •I'o  uaed  as  a  nea.'Ujre  of  pro¬ 
tection. 

As  wao  pointed  otxt  earlier  la  this  rapert  It  la  diffleul.t  to  aaoertaln 
the  beneficial  effccta  of  cenbinatioos  of  ebewlcal  at'enta  against  the  danaglog 
cffoctn  of  KN2.  Thcrefsire,  further  experlaanta  including  30-day  survival 
atudlea,  ero  currantly  In  progress  to  aora  accurctoly  dstersdae  tha  efficacy 
0?  the  tre  itnent  with  ecrebdast.lons  of  varioiaa  sulfur-cooi'daiag  cheialcal  co»- 
pounds. 


Doacc  of  IZ(2  r.  .r.(- It’ ;  ‘'roa  0.25  «vp».As»-  to  1.75  nga.A^.  ware  adalni- 
Etcred  to  rete  in’  C.t  spleens  and  thynus  glands  of  thaso  aniiaals  were 
assayed  for  adcnct '.rl.ihosphatace  activity  three  d-vci  later.  Results 
of  this  study  alio:  !  t  the  increase  in  sniyne  activity  of  the  spleen 
caused  by  W2  was  dor  ■ :-cudent  within  tills  dose  raiige  but  Uiat  the 
nitrogen  m’^tard  C'.v.c  .  -nlficaat  Insrsasos  in  the  adenoslns  *  '  ohot*- 
phatase  activity  of  t;.o  t’ywjs  glands  only  afisr  doses  In  e-voess  of  1 
agm.A.T*- 

2.  Several  ehenical  cenpounds  and  otSibluatioos  of  these  oonpounda,  kniMi  to 
protcot  agalnet  the  daneging  affeots  of  x-laradlation,  were  tested  for 
tlielr  ability  to  reduce  the  n2-ladue»d  Increaeee  in  the  adeneelne  tri¬ 
phosphatase  activity  of  the  epleen  end  thyuua  glands.  Di^OTC,  ^'»TC, 
cyctelno  and  crr.blnatlons  that  inolodad  tbece  ageota  were  eapablA  of 
nerkedly  m'l'clng  the  increaae  in  nayne  aetlvi^  of  the  spleen  caueed 
by  Ifif2.  HSA  and  OSH  were  slightly  heaeflslsl  riillo  AbT,  tyOroxylaiaine 
and  serotonin  failed  to  rsduee  the  *jaoraeso  in  adenosine  t^phoaphxi.Hse 
activity  produced  in  the  spleen  by  the  nitarogen  MMstnrd.  Cysteine  was 
the  noet  effeotive  of  the  agents  studied  in  reducing  the  Incraae*  In 
adSROslr.')  tripbosr*i''a4,e  activity  ef  the  thyne  glands.  DiSTC,  AET  and 


V 


tbr  ocMidnatlaa  of  iilnc  JSSK  h&J  bo  braefleial  offcoto  viillo 

tartfrcoqrlMdao  Md  •«i-rtanlB  potoetlotod  flM  offoet  ti  BSZ  oo  this  tlsaua. 

J.  K3MW«Hnto  «r  tfeo  offoot  cJ*  0*$  BpuAffB*  vt  aa  ca  Vbm  oe«tarle!!«]ia> 
•BtoTBM  Mtlvlty  ct  tlw  nT1  iat«ctlno  Isdlcotad  Uioi  ttils  oltretni 
■uiard  eatuiod  «  doorowo  la  OBtlvltir  that  wao  ovldwt  at  taolvo  bowB 
aftor  lajaetlaa*  Sm  aaayaia  ahiaao  laaekad  a  aaxlaBk  at  two  to  tk2roa  ja^a 
and  rotomad  to  saaval  aftar  aoraa  daft,  t  doao  af  0.2$  ii|a.A0B*  did 
aot  eanaa  aqr  aMaaorattXa  affaet  an  tba  lataatlaal  aMUaaataraaa  activltgr 
and  dooea  In  caraaa  ct  0.$  a0a.A|H*  did  aoi  prodBao  ^drt^ar  dcsa-iapondant 
daoraama. 

l(.  XnJaotiOB  of  1>^2)TC«  VSJKt  aoratalfio  or  ooahinatieoa  ef  eeaapouuda  that  lo- 
eludad  thaaa  a^fMtp  baforo  EK2  aarkad]/  radBoad  tha  docroaao  la  aliolla> 
astaraaa  aotivltgr  oauaad  tgr  tte  nltrOKaa  Motard.  IBfc  appa«^  to  bare  a 
all|ht  banaTleliA  affaot*  ahile  OSR*  AST  »!  tba  two  BoaHnilfor-coetainlBg 
eanpotaidat  landrcaqrlaatliia  and  aaB‘OtOBlB«  did  aot  (aaroBt  tUa  dcaraaaa. 

$.  nDTC  proteotad  100$  aad  20$  of  tha  — acatnat  tfaa  latlial  affaets  of 
2.$  a0B..A.f7>.  aad  $  of  Blf2  raapaatlvalj .  dfdroMgrlaBlBa  failed 

to  altar  tha  affeot  of  tha  ID^  dooa  cf  l.$  mau/kffi,  of  tho  nitrofan 
aoatard. 
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THE  EFFECTS  OT  Z0KZ2I3U  BiSXATXCNS  OS  TUB  BOtOCiCNISIBr 

or  nuitriXAS  bssdes 


in«  Stndl—  OP  th>  ToadaHy  d  Rar*  Earth  CaBoanda  «Pd 
^air  tnfliMWoa  cn  Radtatloa  Lttinlig 

Barnard  S*  maitariak  asid  Eaenatt  P.  OoBola 


Till  3  roport  oanoernat  A  eoBtiauatloa  of  a  reeaotlr  inttiataJ  ato^f  to 
obtcin  InTbrsiatlon  on  tjie  taxlelt7  of  rara  earth  ooqpouada*  Skiaolal  eauUue^ 
alien  h:3  bucn  placed  upoa  thoaa  agenta  vhleh  would  ba  aapaetad  to  contaHlaato 
the  ctmeephera  aa  a  reh'ult  >jf  a  reactor  aeoldant  or  a  nuclear  datonatloiu  Bo* 
suits  of  exporiicento  to  detamlns  tbs  possible  addltiva  or  sFuargiatlo  affaot 
cf  simultaneous  exposure  to  rara  earth  eoldas  and  looltlng  radlatiaDa  «•  also 
Included. 

lime^Bte  or  vatlmata  appUoatlon  of  the  resultn:  The  poaaibls  haaards 
aceoelatad  vltii  an  axplotiva  rsMter  aocldaiii  kaa  genci-ctcd  cnnatdarablo  later* 
eat  In  ths  aetlona  of  ru's  earth  Mtals.  Heworar»  until  racaatlx  the  bulk  of 
the  research  oa  rare  aartua  haa  bean  eaotarad  co  the  radiotcBieitr«  tiaaas  dl»> 
trlbutlcn  and  rata  of  axcretloo  at  rtra  earth  iaotopaa.  Ibaro  Is  oOljr  Hal  tad 
infarmatlao  avellabla  on  the  ehewloal  toalallgr  ot  thsao  eomaasda  and  tha  af¬ 
fects  at  simultaneous  arpoaura  to  looislac  ra^atleos  and  rare  earth  elasaiitsi 
7hus«  a  pro^w  was  raeonUjr  nodartaksa  to  obtain  further  Isfnatlai  «a  ths 
acuta  tojrlelty  of  rara  earth  eanpo«nda  and  the  affaots  of  aapaawa  of  rats  to 
rara  earth  coddae  plus  lonislna  rtdlatlcn.  ZnfccMtiOB  af  llAda  tgrp*  WT  Bs  of 
▼clue  In  dctaniilnlas  the  health  hasards  oaaoolatad  with  indBatrldl  uaa  of  thr. 
rare  c  irth  riatzls  and  tha  poar'bls  das^ar  arlalng  firca  fiadan  prednet  eantaal.- 
natlon  rosulUug  from  axtanalTa  atcale  anarsr  dewalopaanfta. 


Ticloue  approaohM  to  the  problsa  of  dataralnlnc  tha  tesioltgr  nd  nods 
of  acllon  0/  rura  earth  actals  bare  been  undartaksn.  Zn  this  ecnneetloa  Bsrtwlg 
at  al.  (1)  have  shown  that  placing  yttrius  nl^rats  or  lanthanai  aitr'*'  in 
voimSs  cr'!c?d  healing  to  ba  rstsrdsd  for  ssvaral  wwoks.  lUviUs  at  al,  (2) 
reported  s^..  ll:>r  findings  with  dldjrwtun  nitrate.  MawoU  and  Uaebeit  rj) 
f  o'jind  that  yttrl-si  Injected  Intraranoualx  will  osnsa  protela  praelpdtatloB  aul 
eevat'sl  InvosUgatcrs  (1-5)  hare  ra,>ortod  the  fomstlen  of  la^  abaaaacaa 
folloii.ng  subcutaneous  or  Intraparltooaal  Injaatlea  of  Tarlass  nrs  asrth  salts. 
Hiatopothologle  studies  by  Stsffso  ($}  hsva  show  that  Istraparltacssl  sMnls- 
tratioii  of  tte  stable  rara  aartha  Inoludlag  ea>ri6«f  1  anth— ,  Ettr*"n,  ursaao- 
d/mlUM  and  naodFnlus  at  mlatlwal/  high  dosage  Iswals  caused  m  scuts  parltonaal 
rsaetlon  whloh  davsXopsd  into  s  trus  ^anUXosiBtous  parltoaitds  Md  oooaaAoualV 
raaultod  la  focal  bspatle  neerosls.  Heiiavor»  ths  sv’-ll:.  jIb  lafarsatlaa  on  the 
acuta  toxleitr  of  rara  earths  la  IMtad,  The  resent  reports  af  Coobrae  at  al. 
(6),  Oraea  at  al.  (li)  and  af  Epieir  sod  OTaas  (7)  aontaln  oast  af  tha  pUblZaEs!r 
naawurananta.  "Shea  nash  af  the  tODdoltgr  nark  on  rare  aartha  Is  of  a  prOllsd- 
nary  nature  and  did  set  'rolnda  aarsral  af  tha  rwo  earth  natdlst  It  uus 


svldent  tbst  further  research  en  the  tculelt^^  of  U>mm  ohealeal  agents  uea 
needed. 


lbs  recent  findtar;  (1(2)  cf  igrMrclstie  teodeltgr  reanltlnK  frca  ti«t 
siKiltaiisoiu  exrosnra  of  rata  to  sttrata  or  jt'tri.m  nttr^ta  plus 

atloa  iadioatos  the  tapcrtansa  at  ooedaBtiag  tkorcoeh  utidloo  «a  the  posaii^ 
oaahlced  sotloas  of  otlwr  rare  eartte  aad  iealclag  raclatioa.  la  tme  praviona 
studf  (8)  nreliataarT  acparlasata  into  deaa  la  wtidch  r^ts  liera  gleea  anhlatlMl 
dosao  of  the  oaddas  of  savoral  rvo  earth  aata?'  olus  a  lethal  doaa  at 
IraaaodynloB  oodda  aad  gadOUtdai  oaido  ahertaaad  the  sm'^lval  tlaa  of  isr^« 
atad  anlaala  to  soaa  oxteat  but  the  ethar  soapouada  Ut^Asd  had  no  dotaetabla 
affect  oa  acrtalltgr  or  aurrlTal  ttaa*  Bmuvatt  ataea  a  lethal  does  of  z-lrradl- 
atloa  waa  aaployad  it  wa  difficult  to  datact  a  oaarglatle  offaet.  tbaraforef 
sdd5.tiaoal  axperiaenta  wra  ccadttBtad  In  abich  a  deaa  of  x-ragr  that  did  aot 
causa  death  of  all  of  the  wlaala  was  gtwaa  after  lajeetica  at  1000  offu/kffu 
at  tbs  rara  earth  caldas. 

The  prasaat  report  eeatalaa  addltioaal  data  oa  tha  taodcltif  of  the 
OKldes  ard  nitrates  of  seraral  rara  earth  aetals*  Bta  ccatdned  affect  of  rare 
earth  :iet<ils  end  775  r  of  :^lrradletlfla  oa  the  aortalltgr  aad  weight  ohaagaa  of 
rata  z^'a  iacluded. 

Hntarlala  end  Mi.-thoda.  Adult  fiweli  Spragua-Davlax  rats  were  weed  la 
thane  -  The  anlattls  were  houaed  ba  alr^cadltioMd  quartara  aad  fled 

ReoVlxnd  rst  dlot  and  water  ad  HM^.  Dw  oddas  of  rwe  earth  astala  war# 
chtrinud  ;.'rc>a  the  3t.  Elol  Corparaili5(  C1aelnBatl«  Ohio  md  the  aitratao  of 
gadoll-ila:>(  yttcrhluaf  dlitralua#  oaaorlua*  praaooilt^ua  aad  aaodyalan  trm  tha 
K  Kid  X  Lcborato.'lea,  Jamlea(  Raw  Tocb*  Ao  reaalBiag  altrata  aalta  ware  0(b» 
trJ.tiod  firoa  tha  llcdsay  Chanleal  Coapaqr#  Root  CHLaagOi.  XHlnata.  Tbe  nltretee 
worn  3tBlnlstfri-ed  IntraperltaaeaUy  aa  unMUtraUsed  aquMMS  aolutlaBa*  7m 
ooddAii  we.'a  si'.npended  honegealsatlaa  la  0*2i  earboi.yiMthfXeidluloaa  aad 
glrcn  I9  either  the  m-al  or  Intraperitoaeal  roota.  iSln'  Irijrctlco  of  '.ha  «»«• 
pounds  the  anjxals  were  otssr  /ed  for  a  nerled  at  thL't/  la/s*  The  aortoUtg' 
datb  tT'SBonted  iu  thle  report  are  baaed  oa  this  ahaer;  .ulan  pwlod. 

Z-irrc:’latlaa  waa  adalalatorsd  as  a  slai^t  vh'Ae~hodf  axpoaura  with 
a  O.E.  t'acdnar  tberan^  unit  eeqilogrlaR  tha  fallawiug  radiation  faetorat  250 
KVP,  1^  »(  O.Pi  am,  Cu  and  1  wm,  II  added  filtration.  The  targ>t>aBiael 
<tl8tan-:s  vas  7?  cn*  and  the  doee  rate  was  17  r  to  39  r  per  alauto  so  aoasvrad 
lo  air  with  a  Vistoraoo  lonlsatifla  ehcAar-. 


ar>srlgental 

Aeu^  Inta-aparltan^  aad  yal  tcadeltr  of  rare  oarth  caddy  to  foaolo 
rats*  Reeults  of  ow  ^avlouo  oiaitf  (w)  aa  tbo  'btraporitoo^  mad  oral  toac- 
lotfy  of  rara  oarth  oaddas  show  that  oeoaslonsl  dosths  ooourrsd  in  woks  of  'Vi 
groiTpa  of  KdsKls  reoslvliig  tp  to  6OC  apkA9>*  JntraparltoaeoUp  or  200  pf»..^cg^ 
at  the  oaddas  orsll/*  AddlUoaal  oacparlawits  warO(  thareferoi  laidartobsa  to  d'  - 
tandno  If  ttmaa  raadon  deaUia  ware  a  raflaattoa  at  tne  toadeltor  of  tha  oxt  das . 
Iliua  female  r<.ts  were  glrea  intraparltcnaal  aid  oral  doaoe  ai  1000  aBP./kgB..  at 
the  rare  »£j'uh  oeddee  and  ohserred  for  a  3<Mqr  Tha  reeults  a*,  these 

azparlnents  ive  shown  te  Tahlo  !• 
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T,\BLB  1 

WHTAU.'r  OP  R«ra  oivm  loco  NQN.AaN.  or  aua  e«r?m 
0Kti£&'  or  THB  ORAL  Aiic<  isiiUFffirrciraa  sootes 


Canpo”r.d 


r  ■  I  'a 


A’afleoianljr.  srl. 


t'an^ri'jw  codda 


Route  of 
Admlnletration 


Intr  A  wrltoi!  eal 

;  rvel 


i  ,  •‘.rarwrt  toned 
;1 


■•i;pci'l’«oneel 


!  ::;-d 


Gadolinium  eod.it> 


ytterblga  oe.lde 

.  '.uj 


Intraperitoaoel 

Oral 


Int.'‘a''rrltoekoal 

Oral 


■t-'crl,;.-!)  cdil 


fld-dum  oxide 
ErVliw  oyi(*.3 


ro  'ic 

Tarblui  oxide 


llortalitf 


V5 

0/5 


0/5 

0/5 


0/5 

0/5 


i/J 

Oi 


O/J 

Oi 


>/S 


i  ncrtallty 


i«_ - 1- 


20 

0 


0 

0 


0 

0 


20 

0 


0 

0 


, 

I  ntr  '.T^o  rtt  oaed 

0/5 

0 

Oral 

A  _ ) 

0 

.  ..... 

0/5 :  . 

.  0 

inHHil 

<vs. 

0 

Intraperitowal 

0/5 

0 

Oral 

— 

0 

■  ■■„ - 

Int.rf.  mr  1 1  or  eal 

2/5  : 

1  JiO 

Oral 

0/5  1 

1  0 

Tntraperltoneal 

0/5 

0 

(>•41 

1/5 

20 

..prritooeal 

0/5 

0 

1/5 

20 

In  avv’7’  cass  most  of  tha  animals  Mcra  able  to  tolarata  ICXX) 
of  tha  rare  eai'th  axldes  and  tlia  values  are,  thereforo.  In  excess  of  this 
do<jaf;e  Idvcl  fs'  all  of  the  coKpounda.  A  few  oaitba  did  occur  daring  the  Obaer'' 
vatism  pLirlod.  C^e  of  a  group  of  five  rats  that  received  neodjmiuc  ooddm  la* 
tranc  "ItooRally  died  sa  was  the  case  after  800  egn./lti^.  bat  i'«  grous  of  tljres 
anltple  given  1600  mgn./lcgm.  aurvl.od  for  thirty  days  (8)<  Mcartclity  of  on*  of 
the  arili;:cla  ccivu-red  seven  da/a  after  gadoliidus  eadds  and  ItOiS  of  th^  rats  rs* 
eeivlng  erbium  oxide  IntraporltoBrally  failed  to  survlvs.  Thus  It  eimoars  thati 
\dth  the  oosoihle  ozcentlon  of  erbium^  rata  are  abls  to  tolerate  latraperito* 
neal  doses  jf  rve  c;d*th  ooddea  considerably  1..  cxcesa  of  1000  kign.^cga* 

Studies  wore  also  undertaken  to  coeipara  the  toxicity  a’  the  rare  earth 
oxides  given  by  the  Intrareritoneal  and  oral  routes.  Rrevloua  results  showed 
that  rutc  arc  able  to  tolerate  200  nigm./x(ya.  of  all  tha  conpounda  given  orally. 
!ioncs  cnrponclon.'-  '  '  the  r-re  earth  oxiJea  uere  given  orally  at  the  doaage  level 
cf  ll.ao  s  doea  caused  the  death  of  one  rat  In  eaoh  of  the  groupe 

of  ai.lKjls  glv'.n  c  o:dds  and  torbiuh  oxlda.  nie  remainder  of  tiie  anlaala 
tl;  ir  l  ocilvod  1000  -  of  the  oxldos  of  th-  vailoua  rare  earth  netsls 

s^u'vi-Ed  t>!0  j-  'ls."  test  period.  It  vaa  Intcrestlnj:  to  note  that  oral  sdadnls* 
t-rjt.l'in  of  tl'.o  od-i'ea  cf  r.rfscadyui-o»  gadolinluri,  cc-.  '-.m  and  terbluB  appears 
to  i'-:jc,’t  the  ’'.cr!V!l  volght  Iricreaso.  The  animals  <?.■'  '•.  not  lose  weight  but 
ran.ii.ird  at  a  stcaiij'  level  for  anproxLnatoly  flftcoc  i';/8  followlsjg  the  admtnie* 
tr->tlci.  of  the  oxide.  PiTther  tests  will  be  perforne  1  to  more  aecurately  de« 
tciT.’no  Ih'.  e:' ■<.'ot  of  these  eeddes  on  the  weight  gain. 

intrap^ltone.-.!  toxicity  of  rare  earth  nitrates  to  f»^e 
iVoll  dnery  afr-'lc-a  (8)  on  six  nitra^  silts  "of  rara'^uvih^  moials  Indlcaieci ' 
th  it  th  s  tC ‘Q  v  iluso  for  neodymlun*  prssoodyniam,  aamarium,  tnlollnlum,  yttar- 
blvn,  nnl  didjr  iur  w:re  between  2C0  ngn.A.T'i.  a»ul  1*00  agm.Ac®*  Ttivirefore* 
atiitirnil  toxicity  etudlao  to  obtain  e  r.oro  exact  aotlmata  of  the  values 
O'?  V.f  rt  ar  ir.t4  wrre  perforred.  The  data  awnTwrlxod  in  Table  2  eh<w  the  rarulte 
0.  th  :  i  e>  lorifents.  Hecently  we  obtaJ.nod  the  nitrate  aalta  of  fow  othn*  rare 
c  .  '  jt-ls.  Ttip  results  oh  inltla''  toxicity  teats  on  thi’ee  sf  thoee  c*#p^o.^d», 

r  '  •  1  h  vL',  iiolnlan,  and  e..r<»>-l'»i.  nitrates*  are  also  ahown  In  Table  2,  The 
ui-'.i  /  ',1  .'.jon  vf  the  Ih-Q  0*'  the  frirth  rare  earth,  tsrblas  nitrate,  la  eurrant- 
V  In  rr.i,:rss8. 

7! '-'U  t  Btn  Indicate  that  t'is  nitrate  aalta  of  neoc^nl'ss,  praseodyulupa, 
n.'.'.iiv -.Bd'  l.ilun,  ytterbium  aid  dldynd’ie  axhlbit  similar  to.ricltles.  The 
/J/'Q  «t  r’i  th’se  rrents  Is  acnroxloi.'itely  275  tgn-AlP**  This  Blmn»“‘ty  In  to.i* 
Ici*,/  Js  Ir.  f.r.'ecmcnt  with  ctudlea  doiie  by  Oraca  gt  (h)  who  found  that  wiw;. 
rice  v(  •«  '•Ivcr.  lnli\.ru<  itotical  lnJoctl«»ft  of  cerium  clderlde,  praseod^ua 
chl^fico  and  noodymi  n  chloride,  LOcj  values  of  353,  U®  and  3k^  mgrn.AB**  were 
ot;t*d’.ed.  Trliial  utui  i  .-s  tr.iientc  th..t  ou:  opium  nitr  ite  and  erbium  i;ltr  ite 
wo  r  rru  t''’!le  alnc  f.  Urea  coripounlj  caused  dsath  of  OQi  of  tha  animala  glvan 
a  fnxr  o*  ?50  11,71. Ah's.  >»  slnllar  dose  of  holmlun  nl  rrtr  produced  mortality 
of  i  '0  of  a  troop  of  five  mta  rugj'eatlng  tha.t  its  Wjd  1e  also  ne--  ?75  agm./ 
k  .r.  h'lrth'ir  Etu.M'-i  to  cbtrln  a  more  accurate  eatlsk  t  r  of  Um  valoea  of 
ei  ■•npii  M,  holn'.ivs  and  erbl'Jn  nitrates  are  currently  In  progroaa. 

In/'lurnco  of  rei'c  eai'th  oytdee  on  tha  mn*vlval  tlxn  -jii  vnlidit  ■-•'mngt»a 
^  0  i*a*a  c  ignuvT  is  r  of  x-ray.  iih~bur  iniilal  c^'jvT  moil  la  (B)  «  tfielia- ' 
?Luanca  cT'r£ei}  oxldas  on  The  decree  of  radiation  Injury,  anlm'lo  ware 
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TABLS  2 

ACOTE  IHmAPE-’ITOiT  AL  TCXICHTf  CP  RASE  EA.irH 
MITRAVES  TO  FEHAlZ  RATS 


ComrotL/i  i 

Does 

'  1 

KtrtiiUty 

%  flortallty 

"•octyl'll OM  nitr  ite  j 

ItOO  1 

300 

250 

2/5 

'  iOO 
i  60 

Praaco^Tniun 

300 

250 

li/s  1 

1/1  j 

80 

20 

300 

3/5  i 

60 

Sarariiaa  nitrate 

250 

-  J 

20 

300 

li/5  1 

60 

OaticUri  citrate 

250 

2/5 

liO 

300 

li/5 

80 

Tttcrhivai  riltrnte 

250 

2/5 

UO 

1  300 

li/5  ! 

1  60 

DIcTt.ii'E*  nitrate 

250 

J/S  I 

iiO 

Euronl'r*  nltrete 

250 

1  1 

!  8o 

Hoi  'I'.vii  nitrate 

250 

?/5  j 

ho 

■'^iDlwiI  ‘  -i.r-.i 

^50 

V5  j 

bo 
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;  1  .or.  denes  cf  600  pf  cjapo'j'id  10  to  IJ  siinutes 

b:.'  .  ardl  virlly  Ist.'i.-’l  amount  cf  x-lnedistlon.  Slnrs  a  lat.h^  dose  of 
i.vj  ewployed,  It  vrj;  difficult  to  determine  v.bt  '  -."i-  tiw  oxides  produced 
a  s.'o  rjl-ctlc  cffci^t  «lth  roi’labloo  as  was  found  %ih  t.  (’i.'jrv.un  nitr  ite  cr 
nibr.itc  uorj  iojeeted  I  fora  x-ray  (1>2}.  it  .  -is,  therefore,  of 
latcrnet  to  detemlns  t.ho  effect  af  rare  earth  oxidoE  oa  the  eurvl*'"!  tioe 
and  lelfht  e.hangas  in  rate  <tic,ioaed  to  doaea  of  x-ray  ti.ac  iUd  not  produce 
lOC^  ncrtellt/.  ?ar  tMa  atudy  <roupa  of  five  asiaals  were  elven  Ictraperl- 
top.eal  in.locUnna  of  1000  a^./kffx.  of  the  r.r-  earth  oddes  fifteen  adnutea 
nrlor  to  775  r  of  x-lrradlatica.  Ae  ehoun  In  Table  1  IMa  dcse  of  rare  earth 
oxide  croduced  only  «n  oacaalonal  death  of  an  anleal.  Ihto  of  tiie  ten  control 
rata  exHoaed  to  775  r  aur/lved  tna  JO-day  teat  period. 

Fir.xire  1  ehowa  that  the  oxldea  of  ncodysls*  and  rrccaodynlun  did  not 
arifi'cclably  afreet  .hj  a'lrvl.al  ttae  or  sortallty  of  rats  exposed  to  775  r. 
t'K'irlu.r'.  oxide  shows  evidence  of  uroduelnfr  a  alight  degrea  of  rodloprotsctloa 
C3  r.l.!or.ced  by  t>ia  Increaced  S'.Vq  and  aianrlval  of  fOjl  of  the  animals.  The 
d  in  Tirpire  ?  show  that  n*dollnl»  and  dyeproslin  had  no  Influence  on  the 
c  U'.i  al  of  lrr:-ii.'t^d  rata-  However,  yttorblui  oodde  permitted  survival  of 
two  o?  ♦f'.e  five  aaiia’ls  riven  775  r.  As  shown  In  Figure  3  europium  oodde  de- 
srJa'.vJi  surlval  ttue  slightly  and  eaiiaed  daath  of  tha  five  rate  a}f»osed 
tc  775  r  j'rJ  dum  oxloa  and  erbl\M  oxide  caused  nort.illt/  of  two  of  the  five 
rr.l-t.  >  '."’1  ‘■i\t  ca  f:\wlc  without  radiation  (Table  1}  and  when  gtvan  togethar 
-..dt  I  -.  t!''  1  ;  •  60'  no- ^  silty  result*-!.  Cerium  cxlda  did  not  lafluenco  ttM  sur- 

-vlv.-:  tl'<  - ir't-Jllty  of  irradiated  rats  but  tarblum  algnlficantly  Ineroasad 
t:  f  T  Q  ViJ  ;  •r.'iitled  hPi  curvlvcl  (rlgro'e  li). 

Vi.e  r.rj  ca'tli  yJ.dos  did  not  pr<h-’uce  a  significant  effect  on  the 
v.  '  Iocs  If  s-.iK-lo  f  -lljidne  x-lrradlition.  In  no  ease  was  tha  loss  of 
/.ii'ht  vith  r«;di.»tlo«i  pl'is  the  rara  eartii  th-’n  with  radiation 

.  l-ir  It  <'is  r,o*,.d  in  cases  where  thei’S  uf.-  \  or  -yafttor  surv-^vul 

.  '.-ty  ^  x-”  Vj  the  initial  decre..  -■  'M.  foUc’.dxg  xs- 

.  ■ .  i'  •',;t  with  r.  .  irth  o.  .Ccj  wjc  .lot  aa  narVed  ac  radiation  al-xno. 

'Chij  ‘lYfct  ie  chown  In  KlgiTc  5  where  It  nay  bo  e.'on  'fict  th«  oxides  of 

hit  '.un  end  terbl'w,  which  provided  605,  liCj  :•.)!  1:0',  survival  ro- 
vr  chi  '"riy,  r-ihotantially  reduced  the  initial  weight  loss  iinf's.\\ly  associated 
:'.‘,h  vhaic  bef/  x-lrradlation.  This  effect  •;ss  cvldont  at  the  third  day  and 
<!  Jiitinuct  uiitll  ahcit  tlts  fourteenth  day.  The  later  effects  Oihr-'n  In  Figure  5 
ol  ’w  ricflr/.tel/  attrlt rted  to  the  metals  baosuae  after  io-.th  of  "art  oi' 
th.r  trirsln  in  u  oinc'l  g;v;uo  the  average  weight  vt  the  remaluiug  aniijaale  has 
le.-3  alittlflcanco. 


Plecnaalcn 

I’m  crecent  luvistlpatloo  consisted  •f  s.'^ltlonal  wwerlmerts  to  .■iscer- 
tsln  t'vi  ch-.«lc«I  toxicity  of  r<u'e  e-irth  nstsla,  Um  noaalbls  hcEartie  asset 
ateO  \tth  t'M  Irdustrial  use  of  thoso  ea-gMuede  end  this  Inrl'jenoe  of  einvlt-i^eous 
ix  vrr.’ro  to  rare  earth  loetals  and  Ionising  padlatJtn.  Resrltt  of  taotlcltor  s'f  ’lee 
In’-icited  tli-'t  IH5Q  valuer  -y  rare  eu'th  oxidss  are  in  ercoco  o*"  Jiyy-  ,  Vfps. 
wh'*n  th:i'  rr  iKur.dc  ape  adminlstentd  hy  the  incraperltoneul  or  oral  routro.  fiife 
..'I'nr  of  f.oat  of  the  uater-solubla  rape  Oi-Hh  ultw-ites  under  1  ivsetigation 
a.o-  :urs  *0  'ue  i  r  nrcxl  utely  275  nra./^egn.  al.thougn  Initial  rasulia  indicate  that 
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ox'ooliT  aivi  cib-'xi-i  nitr.it9  .n  a  acre  toxi.r:  thi»n  othc 
^coMritio*!. 


;t.  ‘-.ilade:’  In  thl»  In- 


Tiiei'3  !.as  been  a  Iteitad  anount  at  •vscarch  coicm-ned  rjlth  ttia  ociB 
of  action  of  tho  raro  earth  aalts.  Cocaran  «t  al«  (6)  in  tiia  lahoratoiT  bavo 
0hO!fn  by  in  vitro  st.ir'iss  that  pot&'.atun  colunbai«  and  the  chloride  aalta  of 
colu:abiun7^1wtnan  on,  atrontluo!.  ytirXim  and  slrcooliaa  inhibited  the  ac)eno> 
aine  triphocpiiittase  activity  of  nc.'oe  liver.  T.iese  Inveatl^^ators  slao  found 
that  lantban'JKi  ehlo:*ido  uas  ablo  to  replace  alirdniai  and  that  atronilw 
chloxd.de  vaa  partially  effective  in  roplneinc  tnie  ion  in  the  auccinlo  da- 
hydr o^enaiie  aj'eteia.  Other  .'tudlca  have  ahoim  that  95  >  of  Injected  holnlum 
rf reins  unabaorbcd  at  the  alte  of  Injection  fovar  days  follov.'lnjf  adninlairatlc*:. 
Kwc-ar,  vhen  this  elor.ent  was  adrdnlatorcd  as  the  citrate  conplox  only  Si  ra- 
B»lr;  0  ’.•n.-hsorbo''.  Ttius,  the  otudlea  of  (Iraea  ?t  al.  (li)  show  that  the  citrate 
co.".'T.x  e:.h2nce2  th2  -hj'orrdlfKi  and  to.vlclty  of  the  rare  earth  notala  In  adc# 


ar.ij  ;r-. 

O-r 

orl'Jer  If 

I' !  o 

before  77.' 
hf-.'S  fh-.v. 


hf-.'S  fh-.v.  ‘hit  t’-.e  f£ib,lec|lcTn  of  rata  resolvln,'  Intr.vperltoneal  Injectloaa  of 
yttivUii  rilti-a'-c  or  (U-/.7ni.n  nltr»te  to  lonlsln/'  radiatlm  resulte  In  a  ate- 
t-aMr  lly  rl  ■rifioar.t  'in.xroase  in  ncrtallty  aa  conqvtred  with  anlnals  Riven 
tio-i  or  Intr  ioorltonoal  Injectlone  of  thoae  eonpounda  alone.  In 
vir”  c.f  tha  linltiJ  rescai-oh  on  the  r.ira  c.artii  net.ila,  the  increealnR  laqjOT'- 
t.'^'oe  of  these  '■'jr'.Txr. ta  in  Industry  and  the  realizatuxn  cf  the  poealble  danRara 
as- ■••I’to)  V  1th  r- ■  •  lor  •'c-ldents  thoae  corpoinida  sao  ;!  ’  subjected  to  awlde 
a;’ ns li't'n  of  tsr'  o  hul  tl.tl;'  rotsntJel  hazard  nore  co  •  .  .oly  ovij.uated. 


pr  sMrin-.ry  exncrlnenta  Indicate  that  the  toxicity  of  rare  eaidh 
a  -re-'lr.bly  affected  by  x-lxTadlatlon  whan  thcae  conpounda  are 
-■  r.' rs.porltcnc.ally  at  a  done  level  of  1000  iiRa.Arrn*  fifteen  adnutes 
.  rV-diaa  ’’or-s  by  ilaidwiR  at  al.  (1)  and  by  Ilalvilla  at  (2) 
hit  f.e  fcabJectlcTn  of  rata  resolvln,'  lntr.tT)erltoneel  Injecilona  of 


lufttary 

1.  TsiJfiltj'  ctx.'ins  hero  been  conducted  on  the  oxides  of  no s.-ty.nlun,  praBeo> 
4;/  d-'..,  .c”;.-  .■■‘.  in,  psdclinl:^,  yttcrldiac,  t^soroalun,  europlun,  holadun, 
Oi'li'j.',  csrfv't  ar.l  tcrMan.  fhe  results  of  thoea  axperlaenta  Indicated 
thxt  tlx  IwjQ  valiias  for  taeac  rare  oarth  oxides  exceeua  1000  ngn./kgm, 
-.jben  thry  ic’o  Rlvan  or-.lly  or  Intraperltonaally  to  rata. 

2.  '.'hs  i'r.  oid-r..»ta  values  of  the  nitrates  of  neodyrdiwi.  rrr.tr.-i  ,  lun, 

na  -vlan,  sidollnltw,  ytrerbiun  and  dddyn^’in  have  been  datoxrdned.  The 
If  V  lure  i'or  all  of  these  eorniounda  »re  between  2?0  and  jOO  mira-Accn, 
Pr: ji-'r.vy  torlc5.tr  studies  indicate  that  holxdutt  nltrato  will  liava  n 
av  value  vhlls  europlun  nitrate  and  erbium  nitrate  eopear  to 

bo  r.ore  tortc  eonpo'mds. 


tc  eonpo'mds. 


rieaiur'-nnts  of  tlia  Influence  of  1000  ■Ria.A>  ’i*  of  various  rar*  .'arth 
oxldea  «•  i  f'e  wortalltr  and  survival  time  of  rata  Riven  775  r  of  r-ray 
alsrult -roo'isly  Indicated  tliat  only  eurotdum  agdds  decreaced  survival  t-lm.. 
The  toyi'  ll)'  of  tha  other  oxidea  tarted  did  not  ap;>aar  to  bo  olRnlfieantly 
Incro.caed  by  x-lrradlaiHon.  Tha  cxliee  of  fciarlum,  holmlum  and  tarbi’a 
dacreaaed  vha  initial  radlatlcn-lnducnd  loas  of  b2c>y  -aalRht  in  rats  ax- 
poted  to  775  r. 
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■I'l.u  o/  '.JiiDi/iKaJs  cm  tit:  icoc.  ia-.i.-riR': 

CP  iXVUIlAlJ  TI^-Gir-JS 

r/.  <  iJf'.'?  :ts  of  V of  Dit.hloaarb.Tinls  .tcld  on  tho 
_  ___  of~;;j;ph?.-ftCT.o  Hcitfia 

Ker.>;c*'.;i  P:  D-iEoln,  Am  B.  f-tt'ittimd  siH  E»'vldi  il,  iielrlsl 


y.rla  eohOir'M!  'V-‘  u-.'  sl'tdi-'s  oi;  the  r;  jc‘'.a'ii:’."i  rusiiciniji-iila 

f;:--  Che  raJTi  rVoCrtr'jrVel.G  ■•.iK;  !!s:.hv.'>lian  tex.lcJ.ty  of  o'jL,-l.v;itivc3  of  dlthlO' 

ceT'o‘ijTi:!  acx.i.  T..'j  etui/  !;  13  Ix-.-r.  ce.'!Ci--.i:r -..Jth  th'J  inhibitory  action 

ol‘  ditiiiocm'b-.enG.  n  <  ■  ■"  e  -ulfnydryl  or.^nia  eyeLe  tt)  rhlch  catnly:i8  tho  oxl 
d  P-Cen  of  !v;Tu*.  i.to  c>.;j  al-Cr:- ledto’lntafntu. 

In. L.ta  'lVy,T\d:‘.  '‘j’j'j-J-.'ili?-'  PeeiOt.it  A  cor.a^derslilo 

rj'.'.vt  or~ot”iil.i;n  h.'.’  -‘S^  ^rc-'~':.o  ituTlca  dii  The  rTia  of  r.ction  of  radio-- 
erctcci  iva  a,.  .1,;<  .i.r,  rluri  v'  tie  •voet  oycart.  Thu  o'ljcctlvo 

of  tM;j  pP'-iP-'  '  •  ■  °  'Xt  i.!'  of  tho  i-.r'.uer  in  which  certain  idtonicslo 

rot  I'J  f’td  .CO  ■(('.'!  inj'u  r.'fuct'j  of  .ior.l:^lr. '  i olatl  one'.  It  is  <inticlpated 
r'.:!tn.ri:h  ; f  M'.io  ijvo  all  -lii  L:  tir.-  dcvi*l.ijr.f nt  o‘  rnr.f  rrct^ctl'-e  a^^onta 
and  in  iha  at  .i-laiUen  ei  f  irtnur  i.:fci-.-.mtloii  e,a  tic  rcahaila .  of  rr.il. ;foii  In- 
juvy.  i  i!i'c;*  co'l  of  Ir.,-.'  •e.r*  h-vt  b.;cii  oxhlbltcd  in  tho  nojribllity  i  h.at  the 
intt.'/::,':  ic;i  c.'  r .('ur-conta' r.in.;  r'.diefrot.cctl  c  B;'.-:nt3  with  rulfly.iryl  rnzywas 
io  iu.volvi? :  .<’.1  t  )!.•  r.'ot  uctlvc  .tctlai  of  thoao  conpounds  tliroaph  tjio  foi'wation 
of  l.'f.'i’e  d’col''lt'.e  lirlci.Ta.  :%to  type  of  : .uc!  uil.-.’ii  coulo'  oper:  tc  to 

ohl.'l-.’  -.  eiei.j  .'c  .•-•o  :-.-  of  ciry.'M  ".oTc-a'.lor  fr-'.'i  ilw  ojddisin,;  radiccls  foriiiod 
by  e::no!iv;'  c*  ta-raea  to  i-;r'ir'.ri)»  ra  This  Kcuaieo  tli.tt 

Vi'di.ititn  iv.rjtl.' .ie  ■■  stilCiv'd;*;/.  eo-,y.;-e  in  f.bt'ri  "ii',  ho.iouT,  .jonolui*^ ua 

dft  i  i:r  ouri!  oi't  '  ■'  hi’s  aa 'urt.i  .-.ot!  !•:  la'uTin.T '■•r.''  rlv.-’iOE  irS;  tbo  ’r'.- 

fo:’i'. r/.r..'  •:  t.o'l.ira  "I I  t'-li  e.., ott  cf  li.e  necvjn.ljn  of  radiation  in* 

jtiV.  Vr  ••.  '.r  f  A-ili  t’.'.a';  tt.)  COa'-S  clTocte  oC  ti  c  ritliCtK-  ;i“b.'.';.'.t.ea  .jrn  t.h9 

n.'tr.'.t  o.;'  '  i.h '  f a  of  tin  ear-.r-.o:.  i.!'.)ufcd  in  tin  pi'.;oot  inrost.l  -lilon  aa 
’..'I’ll  as  e:..itr  v’r  -.  rir::  cr-nt.'.i.al..;:  sell’  ) ■•r.ryl  .•pro  !)'"',  ijir..-o  tho  re  ;io,'i’-3tw!ti’/o 

3!'. '.'I  <'  1  V.;-- rr-.C’.lniti,  e(i;i-..a  r.ia  .to  llirtt.ci  i;/  tJ'oir  toxic  It.y, 

f.:.''--!; i/’  '.al C. oa  Ihi  *irch«-.ien  a'  th'ir  Cooln  a>;t..o;)3  :U'  nlfrtai.  If 

Cc-.i.'-C-C, ■  I  'Lvii.y  .>1  tliom  oo’eo.ojai.'i  Cnvol.i;-;  t'-.i  ri-’W 

'I'  .'V  '  1'  i;  j  •  (f  •'  r  t’l'  ao  inoio  .:  •  i-i  r.;.' If  p ’otco'  i”s  acMviv . lio 

rchi.i.'.'c'  tvf  r  ioa  cn'  ta  loji.y,  V-  i.*  ea  a..  ..  p.u-icne  ',>r».  ;iici  irohlcM 'to 
’..1.  i.ch  li.'.-  :..yp.a  taa’.’iii;  1  .'.o  ;!  .-icrlb .d  in  thin  rorert  .'I'C-’  cor.tr Infer- 
■  i.-vrAoi. 

Within  .v^o  .'.'ii  r’ont;i.r  atv.dle6  ■.  cro  umlei' .niton  (1.2)  I’l  th'tp  Uuoratary 
to  ol  t-iln  inf  )f  •ntU'.r  on  tho  K'rchcr.4-;d  cffc.nl.*  of  .terivatives  of  .ilcrdccsr.. 
bai'.Io  acid  on  cnnjTx;  irj'&tons  of  iiaiTJilian  tdasair.  Oir  attrnt.l  n  wxa  attrnstjt 
to  this  crf'"Vi  of  coruxjuncl-i  b' .•e.";..,-  th—.'  sp.i.TBrcil  tc  Iiavo  sono  id/ant*;’- 3  ov.*'" 
thiy  thlcronlci  3:  iv.ntlvo.o  for  rcobsnisf  stuiUcn.  The  Vntter  jroup  \xt  pro- 
tectivfi  «;'ert  v  tir.i  arf;o  .n  namber  of  ebandeaX  chrarn.*  nl-r.  '■he  x^aa]  t-’n't  furuuition 


.  ^ 


of  various  netnbalic  dorlvatlvuc!.  Thus  tlw  blclocicsX  aotlviV  ^  t>>* 
thluronluH  derivatives  on  in  vitro  a^rateao  ai{;{>t  diffar  rather  prasdnently 
from  ttio  effeota  that  ooour  in  lataart  enliiaXo  The  dlthlooBtwBates  art 
simpler  eoepoancis  whoso  ia  vitro  aov  mlelit  he  eo^eotsd  to  mors  olosaljr 
apprcndnats  le  vivo  efreois  iaOacd  resailts  ohteliiad  1b  oar  Sandies 
to  data  bave~i5Esr>Btiated  this  ssproeltloa. 

The  7aidlaprotar.tiva  aetlvitr  of  dsrlvati.  :^  of  dithloeariMMle  aeld 
has  been  well>establl^ed  hr  the  rrevious  stodlaB  of  Baoq  at  al.  (3«2t)»  vao 
Beickum  (5)  and  van  Bakkiai  and  Coheu  (6).  Soiw  possible  oxplana^blonB  for  the 
radloproteetlvs  action  at  these  conpoonds  (7)  have  been  pnbUshed  bat  the 
Ideas  were  not  tasted  oxporlnentalljr.  Mbl  mid  Sldjam  (8)  have  rsoently  ad¬ 
vene  sd  the  Intersatlnr  theai7  that  protsotlvo  aeonts  oontalaioe  snlflordiTl 
groups  fora  alxsd  disulfides  with  cellular  ooostltuents  and  tharolqr  tempo- 
rsrllf  shield  cellular  sulfh^tryl  groups.  Rrevious  stndies  in  this  labora- 
toty  (9)  on  the  nods  of  action  of  ominoeth/llsothlourca  (AST)  dsmonetratsd 
that  this  radloproteotlvs  agent  reaota  with  sevsrol  sulftydryl  cuiiTraae  end 
some  preliminaxy  experlicents  (10)  on  dlthdocarbanatca  danonatratod  that  thejr 
also  tiaivo  the  oapablllty  of  raaetlng  with  aolfhfdiyl  groups  of  sons  aotfoe 
agrstams.  In  view  of  these  prallnlnary  flndlnee  a  aystsnetlo  stwdf  of  ths 
aotlons  of  derivatives  of  dlUdoeorbaoio  acid  Beamed  worthwhlls. 

The  Initial  phase  uf  our  studT  «■>  the  mschani  sti  of  tbo  toodo  and 
rodlop-'oteetlvo  offeots  of  dXthlocsrbonlo  add  darlvatlvse  oonslsted  of 
ncasurcaant  of  the  blood  levels  of  Injected  dithlooerbatasies.  Ibis  was 
seeomplishsd  fay  modification  of  a  nsthod  arlglnsUy  dsvelopad  for  eoppmr 
analysis  (U)  which  depends  upon  the  ablUlgr  of  dithloearbsnstao  to  form  a 
odared  complex  with  copper,  tteasuraasnta  of  the  blood  levels  of  lojacted 
dlthlocarbamates  showed  tltot  those  ctupsunds  wars  rapldSy  absorbed  its  evi¬ 
denced  by  the  occurrence  cf  the  highest  blood  levels  at  five  alnates  after 
Intraoerltoneol  Injortlcn.  Al  one  hour  after  lutrupericouoal  actednlstratiua 
nearly  all  of  th»  drug  had  doapsearad  from  ths  blood.  However^  dnoo  the 
Inhibitory  action  of  thsoe  conpounda  on  various  engynss  (1*2)  persists  for 
several  hottrsy  it  is  deer  that  at  loast  that  fraction  of  the  totd  dose 
which  conblneo  v.-lth  tissue  ccnetltuents  remains  In  the  tlsausa  oonsldsrably 
longer  than  wodd  be  ouggosted  by  the  blood  levels. 

A  study  of  the  reactivity  of  dlthiocaj-bamatas  with  engynos  o^  *'«tar> 
msdlary  carbohydrate  nietabollsm  was  Initiated  by  nt-asuremeota  of  their  influ¬ 
ence  on  the  oxidation  of  cyruvste  and  funerato  ty  tiseus  homogenates.  WhM« 
this  combination  of  substrates  is  used  the  entire  citric  add  cycle  Is  opsra- 
tivs.  If  no  Inhibition  Is  uhserv«(d  cba^ideration  of  ths  individual  soarsss  In 
ths  oyols  is  unuscsseary  but  inhltdtlaa  of  this  qrotsm  iadleatos  that  furthar 
studios  should  be  conducted  to  loosto  the  stto  of  tbs  Inhibitory  offset.  Ths 
sodiua  and  dtasthylmmaonium  salts  of  dithiooer’iaBls  add  inhibited  e'T-oa  ect>- 
euaptloOf  lyruvato  atiUsation  and  citrate  ^mtbsals  by  tlssas  hawogonates  wkm 
tynnrato  due  fumarate  wara  used  as  snbetratso.  Ilunmver,  bls(dlmathyldithie> 
earbamyl)  dieulfido  was  equd  to  the  diMtiylarxwQiua  odt  of  UlBcthyldithlo- 
eerbraate  In  itr  inhibitoy  potency  in  vitro  dthough  it  has  no  protectlTs 
activity  against  radiation  lothall^T^TlSso  In  vitro  rssnrsmants  were 
fdlowed  by  a  study  of  ths  affects  of  varions  3ossa  os'  ths  dimstbylanasoalum 
sdt  of  dinsttyldithioerr’Vwate  on  tbs  oxidatioe  cf  lyruvate  due  tmarmta  by 
rat  Uvsr  sod  kiuosy.  TVw  animals  ware  saeriflsckt  at  various  times  after 
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•iaiiiloUatlon  of  several  dosea  of  \ih*  coo^und.  The  roaulta  of  thcw  atudleB 
rarS^  dooea  of  dinothflasRonlw)  dlnathyldlthlpceroafcite 

ranine  ffem  166  to  1,000  aam.AsB.  cm.'ed  rurtaf*.  ir.bibltlaa  of  nmirkt^  utiU- 
utlm  anj  citr.-ig^  fornatlun  ly  the  Uvera  of  i-aiu  wlwn  the  aniaala  ubm 
fice4  thli  tar  rtqutea  after  of  the 

ef  tha^TSSale^SbltS^SSr 

W'"'**®  “tlUtaUan  nd  citrate  foSSo^ 
.vaaurenmta  of  the  duratloii  of  the  iohlbltorar  actioa  of  thla  eoMMir^  reraalad 

do2ia’^2?hl^!I“So‘^  ocoura.  WitfalR  n^ThSra  aftar^ 

“  u  !?  M  500  and  750  nga./ic^,  of  tha  dlL<wthrlaiaMnliH  salt  of  dlMUwl 

dl^^dn^  Influence  of  bla(dl*>thyldi8accarba«yl) 

Uauinde  on  oogreen  conaunnUoj,  pyrtwata  utilisation  and  dtrats  eroth-sla^^  ' 

tolar, .ced  dcaa  of  this 

inhibitory  act^ 

t^^dty!  iut«r-st  tK^cauoe  this  cotapounA  haa  i.o Tadioproteotive  ac- 

.,  ..  ,®*®  Pf«««®t  iBveatleattoo  eonalated  of  laewurcaanta  of  tha  of  facta  of 

d^ttijrlaiiitoniua  di»iathyldithioearb.'>a*te  and  Ms(dl!i)ethyldlthloearba*rl)  dianl 

atuoi^^  in  tile  nresence  of  iwloBatsm 

et^eda  of  thase  reacticoa  are  catal/aed  by  aulfhydrrl ’onwBaa.  Thm  n*. 

sulva  tf  theao  atudiaa  dareonaiTAted  tiiat  the  dlTct'irlrTOooiw  salt  af  HitMA- 
carbadc  acid  la  aii  affective  inhibitor  of  thT^dltiSS^^nS^v^a^r 

roa^T^  y^^9'  ^i“('li”et>ylaithiocarba.-yl)  disulfide  ai-o  the 

roIHH^s  buflEmeaaer  «rtoct  than  the  dlthlMm-lantc  add^ta. 

dleulfldn  ne..«sitated  tha  uaa  of  prS/lene 

and  “f®  Mamirod  uainf:  the  teat  ayatan  of  Fardae 

^  a  final  coewontration  of  0.0035  H  lyruvat^  Nalonate  waa 
to  vhis  ff/3tc*  at  a  final  concentration  of  O.OOlj  ll.  suJer  tlyne  oon- 

raaultlng  from  tha  decarboxylation  dprrwate 
f^nnhir-.  ^  ^nsoB  ulth  Qnofhcr  two-carbon  frai''?rit;nt  reaulting  in  quantitative 
formntlar.  ^  ac«toae,*tate  (I3).  Thus  the  ood.Jatlcn  of  two  of  —  tvate  bv 

ketoRlutarata  ware  analysed  oy  the  procedure  of  FWedeSn’.nJltaSS  05)?^' 


teperljwntal 

a.Moo»b-lo  UOIJ  ta  tM.  ui»r««,  (1)  !n,ai£n.SrS;S 


•V 


c.;;diujte>i  to  ascertain  f'C  Influctice  of  thceo  soaipauncis  on,  the  oxloaiAcc;  of 
pjMUvats  plus  f'.fflnr«te  b/  rjt  liver  nn-!  kidney  htv^fjenatea.  It  was  fev.ud  thaii 
the  cciii”"^  ilcthyl^'w'oiiiwn  ;;.id  din.etliytKMontu.:  snits  cf  dLihlectirbainlc  acid 
end  biB(dli3etlyldlthlecArbnry'i)  clsulflri^  cnusrd  !iOf  inhibitioB  of  U>e  ccdl~ 
dntion  of  tliese  eubatrates  by  liver  hoiK^imatea  *t  I&nal  «icc»itrutlioa*  riijgixig 
from  1  s  10“"  'to  5  X  lO"^  H  or  the  ‘••asiB  of  aj^ygBn  e^so^itlai.  ft),  tlw  baais 
of  oteMeal  anal^'.fla  of  the  aitcuRt  pyruvata  utdiitod  tits  eoBoemiT^tiona  ro- 
qulrod  to  produce  5C^  inhibition  of  tha  dtrlo  acid  eycla  mbto  casentlalljr  tho 
Sana  excapt  that  blsCdinethyldlthiocarbaiiQrl)  diaulflde  jroaueod  5ft)  inhibition 
of  pyruvate  utlUsaticn  at  a  corcorta’ctlan  of  ?.  x  ICT®  M»  Analysis  of  tho 
vnount  of  citrate  synthesized  by  this  ^'stem  es  a  basis  for  estimating  the  In¬ 
hibitory  potency  of  the  coRipo'inds  also  shoi;ed  tliat  the  inhibitory  potency  of 
tha  Jlsalfidr'  was  naro  nronovmced  than  th/it  of  tho  salts  of  dithlocarbondc  acid 
STij.  tlio  dir'iathyla'^i’icniun  salt  had  greater  potency  than  tha  otlwr  salts  es  an 
inhibitor  In  vitro.  Kidney  homogena+ea  ;;cre  mwe  susceptihlo  to  iiihlbltion  by 
these  cenpounda  thcj'i  -'ua  JLivej-.  Thus,  cn  tho  basis  of  inhibdtlan  of  a^gsn 
consuiTOtion,  the  nodium  iind  dlethylarir.onlum  salts  produced  50,I  inhibition  at 
conc.;ij.ratlO!,3  of  about  ,'t  x  10"^  M.  The  dlnethyl  '-"i!".!riiutii  salt  and  the  disul¬ 
fide  were  more  !;ctivo  inM.Mtors  ns  e  -idenced  5ftv  Inhlbltloa  of  oogrgon  con- 
na:Titlon,  pyruvate  utllioitlon  and  citrate  synthesis  with  concentrations  nbout 
10  to  20' times  lower  than  ware  required  \/lth  tha  dlethylansoalum  and  the  sodium 
n?it8. 

In  tha  p.;*c3eiit  i  nvcstlratlon  tho  in  vitro  effects  of  tho  sodium,  dl- 
etf  /lc’T’''rilu;.  J  (ij.i.icih/la'^c'.onlum  salts  of  diihfocertcJilc  acid  and  bisCdlmethfl- 
iilti.'icc  u’brn^  1;  dio'-.ilfia(:  r.n  alph-i-kcloglutarnte  oxidation  were  studied  prior  to 
tho  oor.J'uctic*)  of  .isssiT  on  tl3cu.:.o  of  animals  treated  with  tfw  compounds.  The 
in  vitro  studies  vara  cc-ncluctsd  by  tho  addition  of  -several  ccBceRtratlaoB  of 
tl.b  ceripounda  to  tho  alnha-Votoglutarate  oxidase  system,  ttben  the  per  cent  in¬ 
hibition  US3  rainrt  ths  lc:!nrlt:'.'s  of  the  drug  concontfation,  a  straifTht- 

lino  rol..tiorif))iip  rcsiiHed  froT  which  the  concentration  that  would  nroduco  50^ 
ip.'iibi'tjon  of  •f.n  cii.zyxe  activity  was  obteined.  ftii'gcn  coneiwitlon  was  T.sat.a:8d 
.nil  roll  13  till'  <';,unt  cf  a! I'hn.'cotoglutnrat*!  uuriiig  the  reaction  pu-1oti. 

'i'na  pfef.iits  'if.  thooe  ncr.au.  ■••ri.at;,  .‘c’e  saarr.arizca  in  Table  1.  The  results  of 
those  mchr.ure.tci'.t/;  dorior..rtr';-.cci  that  the  diinethylamonl'im,  diethylamnonlum  and 
nodiun  oalto  of  dVthloc.-u’bnilc  icld  as  •.’ell  no  binvdirKsthylditoiocar'baivl}  di¬ 
sulfide  arc  al"'  oC 'ac  tive  inW.bltors  of  alp'hs-ketoglutsi’r.te  orf,datlon  by  rat 
liver.  IJeajuri'v'  itr  of  tho  a.icunt  of  al.phs-kctoglatarate  utilised  and  the 
anount  of  oxygen  ooii.nu.'njd  shc.rci  ocnentially  the  s.rms  anoasts  u'  .'.nliibition  by 
tho  co;.4-  unds  arid  inhib'Uio-*  of  thej’oac^.lon  v.?;s  obtained  with  c''’'-;ntrati("..ii 
Ki'ilc;-!  r.-ui.gcd  fj-cii  1  X  10"^  '1  tc.  1  X  IG”^  i:  fur  tha  various  corpounds. 

The  effect  of  the  •ii.nietl'yrlF.'w.onlim)  salt  of  olthlocArhaiiio  scld  on  th«. 
cscLdation  of  (.yruv-ito  by  ’:c  '(..jcinar:  '  -.f  "iouc;.  and  l  ut  liver  in  vitro  was  also 
studied,  tialcrit;  vtm  nddciJ  to  f'le  tsst  s/otem.  This  results  In  iHe  qusntita- 
ti-fo  fomutlon  of  «c«toaeot»ie  freu  pyruvato  by  pfevonT.in5  the  tv(w*osrhon  ffag- 
iBonte  I'.erivod  fron  pyr;rv.'.to  enUring  '-'*3  cit  'ic  acid  cycle.  “ 
results  of  these  iiinaetrreiren  tB  demons  hr  i  tod  that  iIjj  cuscenU.blll'ti;''  of  this  re¬ 
action  to  in.hlbJtlon  by  diri'jti"/l.'iaoiinia'i  dlmethy.ldithiocarbafiirts  is  e3scBtit''V,'' 
tha  oa.vo  .■>«  t''o  .'I'l.  cT.itlbllil  '  nf  tlio  alnha-ketorlu!  iyctca.  Tl'tS  utlXl- 

zntlon  of  iyi’i/vslc  in  ihf  .:  .  by  .  n-J  mouse  liver  liamonanateb  nas  'Jc'. 

Inhibited  by  7.'i  1'''“^  !'  rnd  ?.Ji  x  10'^  1  dimothylanrcnlu*  dimethyidithlo- 

cpr’ir.’Vit.o  rc;;.:.''cf  v.ely.  On  the  bnsis  o!  oxyr.en  ccnri.otion  the  reaction  was 


IimiBITCni  bfrtCT  C/  MTlEOC/iHaAillC  ACID  DERIVATIVES 
on  THE  COaDA'^IGI  Cir.  .U,?!lA-KETOC-LUT;iiIC  ACID 
DI  RA?  LIVE?.  IH  Vimo 


Hflar  Ccncontretion  for  SO,i  Inhibition 

Conpomd 

Cbqrccn  Ccnsnrantion 

Alpha-kRtoclntarate 

Ctilissation 

Diffinthylcmoaittn  dl- 
natiiyldlthloc.'t’b.ydc 
acid 

!J.o  X  lor^ 

2.6  X  10-5 

DiothylamonUm  dl- 
ethyldithlxvsj’bi'tic 
f.cii  1 

j 

7.6  X  jcr> 

r,n  10-5 

Scdlwi  diothyldlthlo-  1 
cnrhando  acid 

1.2  X  lO"^ 

8.li  X  10“5 

Bio  (dlnet.hyldithio- 
c.  rbojyl)  diouUride 

! 

1.?  X  IC-^ 

2.0  X  10-5 

J;1 


'  inhititeJ  in  route  llxt,.'  by  l.Ii  3:  1.7“*'  K  Int'^'rztiag  seed  asleei-tni,  L-et^recr. 
tJw  i'Oiul'.t.  obt-'inad  h/  r  -  ?  x^r-ments  Oa  oxycen  cMCiaabtlaa  end  pyruvate  utiU- 
satlcQ. 

ilie  in  vivo  effect  of  dtnet..  ~7.ageionluia  dlretiiyA-li  tftjiocarb.iii&'te  Oh  the 
cad^tlon  of  nl'n^s?:c^s-ut33"ftttr  b/  ‘  be  llvera  of  rat»«  nlee  anS  Kuir(  a  Fige- 
Polloainn  tlKS  cenauction  of  the  in  vliro  e3cnerlmsote'‘<le3ci Xbed  abg>»s»'  »Mvn 
were  pcrfor«:d  on  the  livers  of  raFs,  iaice  and  fpiina*  nigs  to  escert^a  the 
e:;!,ont  and  diiiMtioa  of  tho  Inhibltm’jr  effect  of  iLMtlffls^MaBiuK  dlnethgrldi- 
ttiiosarb’iiiiate  on  the  csridatior.  of  elpha-ketogluterste.  A  doeo  of  500  ngR./ic^. 
cf  the  compounds  wee  ch.oeen  fer  the  Inltlsl  ntudlea  because  it  spnrmdUrst^s  ihs 
maxlnun  toior.-ited  dose  ai;d  is  in  tno  vicinity  of  the  tioceso  level  ueually  oa- 
nloytd  to  cbt<iln  n-odiiftl  ra  tiop-otective  effects  in  rete.  Kor  this  ex.r<<»riment 
groups  each  containing  at  least  four  nta  were  eec.-ificed  at  0.5,  1,  2  and  3 
hours  after  Ir.tra^Ci-iiviienl  Injection  of  the  coauound  for  WRr’jrenenta  of  alpha* 
kctoplut/irnte  cxidcso  activity.  The  anount  of  ir,hibltl<M  wss  eetinated  by 
Kcusiiv  .;ent  of  ojtygan  eonoiriT-tlon  and  chcHilcal  amlysis  of  the  amount  of  alpha- 
hetofluterata  utilized,  las  rT?3jlt3  obtained  by  the  conduction  of  aasoys  on 
tho  livers  of  rata  at  intervals  wlth.tr.  tJic  first  three  houra  after  adalnis*- 
U'fitlcn  of  >C0  r,Ti./l{(r!4  of  dinotf\ylnrnoniun  di.'qethylditld.ocarbe.nata  are  shown 
in  Table  2  In  vhich  the  nv  a'-«se  end  ra-.^je  of  values  for  (p-oups  of  four  rats  are 
M'ci'cntod. 

Tho  raault  3  of  cjqf.ci'lrcntj  ennonstratod  that  the  dlnethylaneonltei. 

salt  of  dlr.otiiylnithiocarbaisate  lo  a  pote.it  in^ilhltor  of  the  oaddstlon  of  alpha* 
’{itc'.'lutirntc  oxicasc  of  .vit  livtr  in  vivo.  Hourly  easpletc  inhihitioB  of  tho 
or.r.yr.\.'  rys.c-T,  was  obrerved  et  0.5  and  1  hour  after  i itr<j»iltaieal  injection  of 
the  c'-ipciiid.  .■’a’.  y.'.l  rcvers.-'l  of  the  Inhibition  waj  jfparer.t  in  tvo  houTB  and 
nc  rly  coiplote  -•r  crsol  was  noted  in  t:c*oo  ho'Ji-s. 

'll  nreOi’trln  tha  offset  of  dirothjl-v.r.-.cr.lua  dJnetbyldithlocarba.rate  <..u 
th'.  ■ 't.;  i-keta.-;!’  ■  x'ctJ  -.ctlvt  '/  cf  tr.a  livc»*a  isf  rdoe  5-30  ngir.,/k^,r!.  c£ 

the  e'jT’uounu  vaa  sV.'on  iiii.r50o.  itoncaJly  and  groups  each  cootainlns  fc«r  inijsnls 
vxro  tie  ••.ficed  nfc  int.i.'va’o  fer  fiv?  hours  after  drug  treatr.ant.  "'h*  rsnults 
of  ''It.s-)  1  vrs  n’ere.'-tr  iro  puT'nriscd  in  Table  3  where  it  bo  seen  that  narked 
i:;hib'iti'3n  of  f  e  ouxyrw  .'icti'.'lty  war  ohscrvsd  at  ^'.5  hoers  ;ft«i*  irjection  of 
tho  ccT.i’O'rp.o.  At  onr.  houi-  the  cioyon  .'ysten  vaa  ir''roxlwitelA  50^  inhibited. 
Mo&rly  co.-^leto  ro.-ere'’.’.  cf  f.!;e  inhibiting  onjurred  within  two  !ic-u.‘e  and  nora-'-l 
^L-iivi.ly  vas  cb.eer.ed  tfxroe  "’.1  five  hout  s  after  drug  treatnoiit. 

fia’thcr  .tn’oTT, tlcn  on  ths  resnonon  of  •  irtous  species  to  a  given  oosa 
of  dir3t;i;.‘lan*onlin  diiiath/ldlthlocarbanotn  •••as  obtained  by  the  co.uiuctl3n  of 
alpho-ketoglutupsta  ajaars  o.;  th-s  liv::  .  .if  ,,-»i.3sa  pigs  aftnr  iDtrapori'Umeal 
injection  of  5^'  of  the  conpeund.  Groups  of  fear  aalnale  ware  aaerl- 

ficed  at  0.5,  1  and  ?  hours  nftcr  ireatnent  with  the  coapnund.  The  results  of 
these  ’ncar«r<«ients  a-o  shown  in  Tablsi  a.  Tno  (•roetsat  Uhibltcry  cf'  .:t  wm 
observad  r.t  0. 5  hciurs  after  nd'iinlstrntlon  of  the  coaiiound  a*  was  die  ncso  with 
nice  and  rats.  I’oifever,  tho  ir..- xln*n  mount  of  Inhi'oitls*  of  tho  en^yas  actxv.' 
in  this  erodes  w.^s  Iscs  then  tb.'.t  observed  vlt>'  tho  sjcj  dose  In  riia  and  ales 
itnpid  reversibility  of  the  ......lutlun  oco’irrod  us  mrldeneod  by  aetivi',y  .-.p- 

proacbln,-;  ncrT.il  in  tvo  bourn  .-jftni'  injection  of  the  cr»po.iod.  Tbere.rulie  oif 
thcfi-  .rts  af..'iistratc{!  that  diaothylan.’scmaa’.  ulBwthyldltnlocarfcaaiate 

cau.3e8  rnrlccd  'r hit,! tier,  nf  ilphr.-’fctoglatarote  'Uddase  at  a  cnblethal  dosage 


W. 


TACUL  2 


EXTSSNr  AHD  DUReTIOtJ  T'nK  T^mBITCRy  VPi'-XT  CF  500  Mr-i./KGK. 
OF  DDETHyiAlIIOfflUM  DIJ-ET:raDIT!{rC0Al'.3-,KA-;”K  it)  THE 
OnOrtTICN  OP  AJ^PKA-KSTCOT'IiVt-UTK  I^Y  THi; 
li’/EftS  (.i-  liATS 


.ouro  After 


Oxygen  Conr.CTotlor. 


1 - 

!  Alpha-Cotoglutarsts 

•  UtlllzatloQ 


:r.Jcc‘J.co  j 

1 

1 

Avcran^  i 

\  ^ 

1  MnlslI.itiiW 

Asrorag"  | 

'! 

InhibiUoTi 

Co  iti’ol 

1»,3  1 

(3.W<.9) 

1 

j  10.0 

1  i9.'i-10.9) 

• » 

1 

0.7 

(0.5- 07) 

85 

1  1 

i  1.3 

!  (1.2-1. li) 

8? 

1.0  i 

0.3  1 

(0.?-2,0)  i 

' 

i  1.6  1 

;  (1.5-1.6)  j 

Bh 

?.0  ; 

1 

2.2  \ 
(l.i.-b,5) 

I 

!  1 

i  Ul  ■ 

1  {2-3  3-^) 

69 

\ 

3.a  i 

i 

Ii.l  1 

(3  3-5'  ?)  1 
1 

'  5  1 

1  1 

i  1 

1 

1  7.8 

1  (.57-?, 3) 

?2 

1 

j 

Ai::.i  .-ity  exrreseeJ  »a /si:  of  oxy<;rti  nonmswwti  or  aJpha-koto- 
oxicilrf.'a  par  50  nvpi-  ot  i.i  •  .-"c  k>:j-  hO  Pduutea* 
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XABLS  3 

EXTSSiT  AHD  DlFtATlOtl  QP'  TSm  •i?JraBITmy  EPP-KT  W  500  ^0!.Aaf^. 
CF  ESiCTHIUIIMIiail  DnETH?LDITHI0CAaHAIV.?1!  OR  THE 
CKIDATICW  OP  ALr^i-fCSTOOLUrAflATB  EX  THB 
UVKP.S  CF  lOCE 


Hours  After 

Oxygon  ConsunptioQ 

ilphavkatoglutarate 

I7tlllz«ttou 

Drug 

Injoctlaii 

Averago 

Aotivltar^ 

.  . 

it 

ZnhibitioQ 

Average 

Activity* 

.i 

ZnhibltloD 

OontrOl 

6.>i 

•  • 

13.0 

(10.9-13.9) 

•  • 

0.5 

1.4. 

(0.5-l.Ii) 

83 

'2,8 

78 

1.0 

<i.^S.5) 

W 

6.0 

(3.3-9.2) 

5U 

7.0 

'  5.5 

(5.2-6.3J 

;  ,  n.o 

(10.3-12.7) 

15 

3.0 

6.2 

(5.6-6.8) 

I  3 

11.6 

(U.l).12..0 

1 

5.0 

6.6 

(5.1-V.7) 

0 

12.2 

(10.1-13.5) 

6 

A 

Aotlvlty  nzpresjR'l  aa  ull  sf  xy:’,s:'i  concuaed  or  alpha-icata^ 
Klutorate  oiddisod  p«r  50  ne^a •  of  tiaaua  par  ttO  rlantw* 


I 

I 


V- 


y 


»"  'j-i.  ^  m,,. 

piaC^ata»ctVianfe^T3^  di3Sr7ra^!f‘^^®®?5^^*^’^  inaaistsa 

datlcm  of  nlnha-ketaglut .r„«  1^,  ^  ««^- 

of  ttbaethyldlthlocarbanic  arid  in  iahjh<+^  hORo^atw  km  thua  resooblod  tsfdta 

rco,  undert..;:«.  to  aaco^an  c^S  “5'  varo, 

RLSi.A-ga)  of  this  i:<y..,iO'-j  d  on  -.Tnh-  5t»  oaxiRun  tolerated  doae  (150 

orporlrcnta  ,.rou,3  cr:;h  °xidatlen  In  vjyo. 

rt.^,<’^n(;  ?r=r.  0,^^  '5  --■  ,  sacrificed  at  Intai-vai- 

!cot.o;;I«tarr.te  oiidMc  on  the  a*«!wund  for  alpha- 

arc  suriwicoi  in  T-.bla  5  Soso  ir;j.  blUon  5"th«  ‘>te«fl«i«raent8 

alter  adunljtr.u'u.,  or'  tria  ^nr, actlvltar  occurred 
twelve  ho'jTs.  ?);»  rccoHa  of  thcs^L!!^»^  maxlMua  effect  beltif;  obaervad  at 
-a^e  of  bis(  jinctV^flithloc  j.-bxTrl)  di8Ulfldrr“^''**^(>r‘’'*'  "  ««i«»  tolerated 
a^T’cnl  j-,  olr,athy}dUhioo,’rban,«t7«o  an  Inldhlt^  dlmsthyl- 

l^ato.rluterata  e.rj  tea  *ln«  -.r  *"  *nnloltor  of  the  oxldatioD  of  aloha- 

caoc  K-ltb  the  ar.Hs  of“IitMoca,"h!»Hc“tir'’^^"  than  v*J*tha 

the  avnthaal, 

caH>g;;;  la^!  er|  oFf;?;'  *.  onayaa  ayatam  t^tleiT  eatal  vaea  tha 

at  wua  •lph*-WatORlutar.ta  ^di:^  Sjtf* 

^id  would  i.Ddblt  i-TTivate  OirldaMo^'r^ 

ba  the  case  oy  Ir.  vitro  oxnarljianf «  /»,  -I.  *  poealbilitar  waa  dwaonatratad  to 
testa  we  condlwTSrwTth  the  addltlw  of*^J*«tr*to^^'*f *’®"“**"®^*  • 
suits  ir.  quantitative  7!onv»rolup  to  oyatatu  wMch  r»- 

-.w  .  oyruvats.  l^ollowin.':  the  in  ^tro  *®“*'*'  seetata  'era; 4 
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'*;>jtlfit3r  o'-n'  .  aoiKt  »M  fiH  9t  vyr/M  ecnatowd  cr  pprvrKt* 
TViT  50  .'V7J.  of  liver  pot?  UO  lalnuto-:. 


oxidation  :I  pj'rnvit  s  pli’.i  j  by  honoi'Wi.tt  c<i  llvor  ar.J  kidn’^y. 

this  co;«bjnation  of  i“  ■  ztA  f':;  antlra  citric  acid  Cjclr  S*  cipeta* 

tlve.  r’ollouing  uilii  obcorretior  c*a.r’,r«»nt*  of  tbe  la  vi^ ■*,  >r  dio 

dlsethylas;  oiiiua  salt  of  di«atiiy3  •  .  Via? srb  w.is  ««!d  blcTiL-Krtiiisyiiit  lioctibucyl) 

dlsulflila  on  tho  activity  o'*  citric  acid  cycis  ^nsytijs  'aos  studtod.  The  rosulte 
of  these  asssureacnta  indicated  dooee  of  dlaethylcnBO.titss  dlnetii/.liithlo- 
esrbaaste  ranj/lng  fra*  166  to  l.MO  caueed  Market;  ichlblticRi  oi'  pyru- 

Yite  utilization  and  citrate  eyntheels  by  the  snd  kidney  of  rats  vhen  the 

cnlnale  were  aaorificed  at  thl-rty  ninutes  after  the  iritraperiloneal  injection 
of  the  eompo'ind.  ilopld  reversal  of  the  inhibitory  rfi'?tt  was  noted  es  erldencei 
by  return  of  tiia  activity  to  norowi  leoels  within  five  tionrs  after  injection  oX 
the  coBpound. 

In  contract  d.e  In  Itro  effects  of  bla(dir.3thyl.aithlo2Brbanyl)  di¬ 
sulfide,  aaximiii  tolerated  dosos  ox  thle  eonpound  had  no  effect  on  tiie  oxidation 
of  pyruvate  plus  i'oaaro.te  in  vivo.  This  finding  '’hh  Interesting  becauae  this 
eoupo'md  does  not  exhibit  r:.dlc,orottctlYo  activity.  The  results  obtained  in 
our  provlons  studios  '’1,2)  inoicoted  that  oxaRlnatlot.  of  the  actions  of  dlthio- 
carba*ic  acid  derivatives  on  tho  ■<ndividu..i  enzyres  of  the  tricarboxylic  acid 
cycle  would  bo  '.vorthvhllo.  In  view  of  the  high  suaccptlblli  ty  of  slphe-keto 
acid  oxidases  to  irhibltioii  by  A-'T,  as  was  ioaonetrnU'd  prsvlonsly  in  this 
laboratory  (9':.  it  wua  of  interest  to  Investig&ce  ths  Influence  of  dlthio- 
carbsuiates  on  tho  oxicat-on  of  alpht-ketoglutaric  acid  iind  pjTUvats.  In  vitro 
tto.'is’ircEicr.ts  ahowed  tint  tht  ooiua,  dincthylarrronl'JX!  and  diotliylamnoniliBi  esi^ 
of  dlthlocarbu-xic  acid  .'(“ti  effecti'/e  inhibitors  of  the  oxidation  of  alpha-keto* 
glntarato.  Sls(dlBet)iyl<iithloc6rba'iiyl)  disulfide  was  also  an  offectlve  inhibitor 
of  this  section  in  vltto.  Following  theco  ob.'?ervatio."uj  tho  sub  lethal  does  of 
500  Bgn.AtT'.  of  t^Ao  (iraotlty' .iiw.oniur,  salt  of  uithlocarbanlc  ctld  was  eiven  to 
rats,  ('uJnea  oi';s  aid  wle»  -nd  tho  anlnals  were  sacrificed  at  various  intervals 
for  iilpha-ketogVitsrota  oaiday*  c-ssfya  on  the  liver,  Mijked  Inlilbltior.  of 
€n-,i,yne  activity  cccurrei  hi  Vic  ■>lvc's  of  all  jiwclun..  '-"hf'  vffrot  wns  .rosu  pio 
noiincod  at  0.5  nours  uztar  In^sctlori  and  rororsal  of  tno  inhibition  bc-gen  witi.in 
two  hours.  SleC'dl'.wthyldlthlocarharyl)  diaulfldo  also  caused  inhibition  of  the 
reaction  but  tho  effect  was  less  rronovoced  «nd  the  ti.ve  of  onset  of  maxliiuil  in¬ 
hibition  was  d  'loyed  os  coiipercd  with  the  salts  of  dlthlocarbanic  acid. 

The  oxldetion  of  pyravats  by  the  liver  of  rots  was  ttlso  u.arkedly  In- 
hltit-id  by  dimethyisirajiil'cs  'Jl*ethyldlthloc:.r’)iBat.i  In  vitro.  Miasutcr.ente  of 
thi  In  vivo  effecto  of  500  ngn./kgn.  tf  tho  eomoo  uid"'on  pyruxwis  exiuau4.on  difc’''" 
etraT^nSsrkod  inhibition  of  the  ruaction  In  die  livers  of  mxes  cud  rots,  "he 
anoiuit  of  Inlilbltlon  and  the  durstlon  of  tho  effect  cloaely  rest  lod  f.'.s  effect 
on  alpha-ketot lutcrlc  acid  nxldcse.  T-.i  'Cttlt?  of  ■chose  ot'jdics  htv*  shown  chat 
dithtnratbnmic  (cid  deriTatlvec  Inhloit  two  si’irnyilryl  cnr.yaes  involved  in  certo- 
hydrata  BetaboIlsM.  furthei  etudlee  are  in  rrogreoo  to  eacertaln  the  affecta  of 
these  radioprotective  agentu  on  other  ensymo 


Slaves  ry 

1.  Mesaursaent..  of  ths  in  vitro  efftcis  uf  threw  sal  if  s*'  di  uhlocai-Oaiiile  «cid 
and  bis(c->iathyldlthiIocsrG«Bpfl)  dieuUlde  m.  V>c  .;fliution  of  nlpX.e -ksto- 
gltttsrste  by  r«t  livwr  oliowed  that  lOll  of  tliece  iiopir.sinds  cause  Sbjt  liAibltlnn 
of  the  iwsotion  at  wbiar  concsnhratlons  be-.-.feni  I  x  I0~w  h  and  1  x  10"a  M., 


Vhc  j/.iji.tlon  >r  ’  y^-ovr-tp  j-at  ir.J  ir.oi’^o  liver  was  ZZi  by  ec-- 

;  j.!'  cf  h  T  .,Til  ?.}■  X  10~'  -i  vUiiicthylr-'iffloniuEi  dimetiiylai- 

t'li;, .:  -rb  -'.ato, 

3.  ‘I'M  In  vli^o  fi'fucta  o£  lUrjetivlaiumoni'w  llrotliyldlthlocarbonata  on  sha  oxl- 
(laklou  of  alph.;  ■kato.'^lutarle  a.id  vaa  atudled  by  tha  intrsparttonaal  adninla- 
tratlon  oi  ^00  iiCR<A^>  o'  tha  coapctind  to  rata,  mice  md  <;ulnea  plga> 

Aaaaya  oonduot'Hi  on  tha  liver*  at  varloua  Intervals  abaifed  that  narkad  inhi¬ 
bition  i£  the  reoctlon  occ'jtrred  vrlthln  thirty  rdnutea  after  Injection  and 
revirool  of  tha  Inhibitory  efficta  bCKan  vnthin  two  hoiira.  Bla(dl«ethyldl- 
thlooarbai'-yl )  'Jiss.lfida  (150  Mgn.Agm.)  alao  Inhibited  thlo  reaction  but  the 
eifeet  ms  If-so  t  nonotr.cil  i.-.r.  aiora  delayed  than  in  the  csae  of  the  salt  of 
d).t'iif>r:tfl'£.ric  9rtd. 

1; ,  rue  Ir.t.’apcrlt^r.'al  .id.'.ini:  tration  of  500  mga-./kj'js,  of  dlnetkylsasnonlua  dl- 

c;'.:?*!  ;nsr!<cd  Infilbltlon  of  tha  oxidation  of  pyruvate 
by  .  at  lid  llv  r  .•.•1  vto  al'.llor  to  the  jmouit  of  iniiibltloa  of 

,  '  z'  1  .''('♦o.'  lut— “.ti  ;or  nystaa.. 
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PHARMACaUXaCAL  AND  TOSJCOLOaiCAI.  CGtlFOUtlDS  AS  FROIECTIVE  (B 
THBlAFEtmC  AOEMTS  AOAZMST  RADIATION  aUDRY  IN 
EXPERL^TAL  AKXMAliS 

2.  1)w  JnfluaoM  Ttflotts  Uhadeal  Coapoonda  oo 
- in  Hlee^^ - 

VivlAin  Fltak,  Stanly  Brola  and  John  Ooidll 


Thla  rypfyt  c^araat  Tha  aiarrlval  tina  and  Mrtalltjr  of  GF-i  nala 
aloe  traatad  with  various  ehaalcal  eenpounda  IfmcUately  rrlor  to  tha  ad- 
idialstratlon  of  a  dosa  of  whola  body  z--lrTadiatlan. 

Inwadlato  or  ultlnate  application  of  tha  reanltst  To  find  ehaadoal 
confounds  oapablo  o^  raduoing  injury  or  pravanting  mcrGiU.tr  in  x^lrradlatad 
animals.  This  study  oonstltutss  one  phaaa  of  a  aoreanlae  program  in  vhleb 
various  ebenioalaj  drugs  and  toxle  agents  are  being  tasted  against  radiation 
lethality  in  on  effort  to  find  nathods  of  nodiiying  radtatlaa  injury.  Tha 
dataotion  of  c  onpounds  oapabla  of  reduolng  radiation  injury  and  the  aluel- 
dation  of  their  struetu.*a-aotivity  relationships  should  taa  of  value  in  under¬ 
standing  tha  basic  neehuiiflHi  of  radiation  danage  in  animals. 


forty-aavon  oanpowtds  have  been  tested  for  propiylaetio  affeotlvaness 
against  radiation  lethality  in  nioa  during  the  past  three  months  as  a  part  of 
tha  radiation  scroaoing  program  of  this  leborat^.  ttaraa  of  thesa  eoopoui-.ds 
ehouad  signlfieent  proteotiva  effeots  in  that  tliey  enabled  mlea  to  snrvlvv  the 
30>day  nost  irradiatioa  period  which  would  otherwise  have  resul.ted  in  a  ICC,' 
mortality.  In  addition,  a  n'  iber  of  -he  teated  eompounda  incraaaed  the  ST^o 
(nodian  survival  tias)  of  mica.  The  ohamieals  included  a  variety  of  groups 
of  oonpounds,  most  of  wMeh  were  related  to  previously  tested  aecsta,  modified 
in  such  a  manner  to  enable  us  to  obtain,  if  poaaibla,  a  batter  underatanding 
of  the  nrotectiva  action  from  tha  stivdpeiat  of  atruoturo-aetlvlty  ralatlon- 
ahlpa. 


Haterials  and  Ifethoda.  Adult  nala  Carwerth  Parma  Hioa  (CFj;  weighing 
between  and  grams  vara  aoployad  for  these  atudlea.  me  aninala  waro 
housed  in  alr-eondltioaad  roans  (75°  P«  to  80^  P.)  and  ware  nrovlied  with  food 
(Rookland  ttouso  Pallets}  and  water  ad  libitum.  All  of  the  animals  mm  kept 
under  obaarvatlon  for  at  laust  one  weak  orior  to  thalr  uae  during  whiob  time 
tboaa  mioa  whiob  failed  to  gain  weight  normally  or  wtileb  appeared  to  be  la- 
healthy  uara  ranovad  and  aaorlfioad.  Both  thti  enviurol  «d  «pariaaatal  mica 
ware  salaotad  at  random  from  a  aingle  sfalpReat  of  aiimala  in  order  utat  thal. 
age  and  weight  would  be  oonparabla. 

To  evaluate  the  rad'.upr.^ieotlva  aotivlty  of  thaaa  aompounda,  they  vera 
l.tjaotad  intrap:' .*ltonaally  into  groups  oZ  ten  mlea  whleh  waro  aspotad  to  60C  r 
of  whbla  bod:'  x-irradlatlon  10  to  15  ainutas  later.  2aCh  oapiound  w«a  tasted 
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for  rsdioprotective  cctivlty  at  ttio  n!>  msre  dosafro  levels*  one  of  which  was 
near  the  maxLnmm  tolerated  dosif^  Ic^vel  toe  the  r^'^tlcular  compound.  Ttia- 
tilled  Water  was  used  as  the  rehlole  whenever  pousible  and  ttie  concentration 
of  solute  to  solvent  was  adjustat  in  each  case  sr.  thait  a  naxlmpi  of  2.i  r*  the 
bo(^  weight  was  injocted.  IThen  I'.acessary  either  dilute  h^droclilcrio  acid  or 
Bodlun  iqrdraxlde  ware  used  in  orde..  to  adjust  the  Injectiltet  selution  to  &  pdi! 
of  apnroxiJnateJy  7.0.  Conpounds  lnsolubl«  in  water  weo  dissolved  i'.:  pHjpgrlens 
glycol*  a  fflirture  of  propgrlaoe  glycol  and  water*  or  suspended  in  a  0»Si  so¬ 
lution  of  oarboxyDeUyl  callulo^.  The  control  nica  were  injected  with  ocn- 
parable  oaounts  of  the  particular  vehicle  used  1.'.  each  inctaace  and  they  were 
then  Blsniltaneously  irradiated  with  toe  treated  anlnols.  Observations  on  the 
mortality  rf  both  tho  control  and  treated  groups  were  mads  dally  for  c  period 
of  thirty  days  after  tho  radiation  exposure  or  until  all  of  the  taico  In  tho 
trsatod  group  were  dead. 

Tho  x-ray  exposure  was  given  as  a  single  whole  bedt'  atposure  of  250  KV?* 
15  oa.  x-ray  by  means  of  &  S.E.  tiazlaar  therapy  unit.  The  doce  rate  was  de- 
temdned  prior  to  each  irradiation  period  fay  means  of  a  Vlctoreen  lohleaticn 
Chamber  (100  r  thimble)  and  was  found  to  be  between  liO  and  iiZ  ?  per  minute. 

The  added  filtration  consisted  of  0.25  mm.  of  copper  and  1.0  mm.  of  slumlnun 
and  the  target-skin  distance  was  75  ex.  The  anim^  were  irradiated  individual¬ 
ly  in  plaetle  tubee  (50  ce.  centrifuge  tubus  prm’lded  with  nuiaorous  air,  holes) 
which  a«ere  placed  radially  on  a  rotating  tirntabla  so  that  each  sniii^  received 
an  equal  dose  of  x-liradiation. 

The  compounds  designated  ly  the  code  letter  B  wore  synthesised  in  this 
laboratory.  The  USAF  cudo  letter  designation  and  the  source  of  the  other  com¬ 
pounds  is  listed  in  Tahla  1.  go  attend  wee  made  to  verity  the  chemical 
structure  of  any  of  those  conpeunds  and  they  vers  not  subjected  to  further 
purification  prior  to  their  use  in  the  screening  ctudioe. 


TASK  1 


iiOUHCE  AND  USA?  CODE  KUTIBER  0?  CanOUWDS 
maUDED  El  REPCflT  NO.  35 


C3  Dr  .  £.  B  .  ilodge*  Can<iercial  Solvents  Corp.*  Terra  Haute,  luct. 


00  Or.  At  W.  Korv.  Dow  Chaj-cal  Sumpany*  Midland*  Michigan 
K  Sr.  Oilbert  Thiesaen*  Koppnre  Company.  Zno.,  I'lttsbnrgh  19,  Ta. 


Bwardmental 

ft’sllalT.a’y  t<^ci^  studiee.  Prler  to  testiiu;  each  of  tho  eonounds 
for  rodloprovsctive  activity*  it  was  neosssary  to  oatenulno  the  maxlurua  amount 


oi'  tiach  of  zha  oonpounda  which  coiiXd  be  adolnistered  to  nlse  without  cauaj/ng 
mortality  due  tochbjd.cal  toxicity.  ft:sliainary  toodcXty  studiea  were,  there¬ 
fore,  conducted  in  which  siaall  groups  of  nice  i'nre  injected  incraperitsiieolly 
with  ittCt'siasing  dosage  levels  of  each  compound  rid  the  resulting  mortality 
recorded  during  a  period  of  one  week.  The  approodmate  ID^  (7-dagr)  thus  ob¬ 
tained  was  used  as  the  baels  for  selecting  the  dosage  levels  e9g>lqyed  for  tho 
radlatico  screening  teats. 

It  esR  be  seen  in  Table  2  that  aam  of  the  eenpouBds  iucludod  tn  this 
series  ware  tasted  for  radioprotective  activity  at  dos^e  levels  less  than  the 
maximum  tolerated  dofsge  Isrvals  suggested  by  tadeity  studios.  Where  com¬ 
pounds  causa  a  severe  depression,  this  affect  eoeblaed  with  the  fact  that  ths 
mica  are  confined  in  rather  close  fitting  tubes  during  the  radiation  exposure, 
is  apt  to  cause  oxcessiTs  martality.  Hence,  in  these  instances  it  was  nsces- 
ssry  to  uso  a  lower  doee  of  drug.  Rocsutly  wa  have  construeted  a  temperature 
eoctrclled  box  into  wlilch  ttio  nice  are  placed  during  tlie  radiation  expoaure. 

By  maintaining  a  tempurature  of  approximately  76**  ?.  tc  7B9  F.  during  the  radi¬ 
ation  oxposiB'e  period  the  overheating  previously  encountered  has  been  reduced 
and  inis  permits  tho  uso  of  dosage  levels  nearer  the  saxinua  tolerated  dose 
for  each  of  the  confounds. 

rtadiati^x>  screening  studies.  The  x-ray  dose  used  for  these  studios 
(fleo  r)  consistently  produccs'a  liSC!.*  morality  within  a  period  of  about  two 
weeks  in  untreated  CF^.  male  Rd.ce  under  oui'  eacperlmental  conditions.  Radiation 
deaths  usually  first  appear  on  the  fifth  to  slxtn  dgy  after  radiation  exposure, 
and  the  median  survival  tine  (STcq)  for  the  control  animals  la  ?  1  2  (Uys.  A 
compound  ic  conslderad  to  exiilbH  significant  radlc^oteetive  aetivitor  If  it 
Increnjes  the  ST^q  by  E.are  than  five  days  or  if  it  permits  any  of  the  treated 
anlnaln  to  ourvive  for  thirty  days  after  tna  lethal  expoaure.  The  rssulta  uf 
the  radistion  screening  studies  are  presented  in  Table  2.  Included  in  this 
table  are  the  na<ne  and  structural  formula  of  each  of  the  compounds,  the  vehicle 
used  for  both  the  toxicity  and  the  radioprotective  studies,  the  results  o«  tho 
nrellnioary  tcorlclty  studies,  the  dcssge  lovola  ftittjloysd  for  the  radloprot-’ctlvn 
studies,  tho  Increase  or  dacreasa  (i«  days)  in  the  jTc;o  of  tne  treated  mice  in 
ccf3nra’l.van  with  that  of  the  dimultaneously  irradiated  oontxal  animals  and  the 
mortality  of  tbs  treated  animals  at  thir^  days  after  the  x>ray  exposure. 

Five  new  isothiouronlura  derivatives  were  Inclated  in  the  present  study. 
Uf  these  only  one,  ^-phenyl- /^/^-dimsthyl  aminoettgrllsothiouroniun  suifate 
(B-121(},  showed  any  benafioisl  effects  os  a  rRdloprotcotive  agetit.  When  sc!~ 
ministered  at  a  dose  of  $  mgm./kgm.,  lOSi  uf  the  mice  given  this  oonnw><.sd  .sur¬ 
vived  the  30-day  post  Irradiation  period.  Incrouing  the  dose  to  io  iiigm.A&~. 
ellmlnatoA  the  protective  affect.  It  in  of  interest  that  this  partleulM  de¬ 
rivative  of  ths  well  known  AET  basic  structure  was  eonsidsrabV  taea  v;o.-lc 
than  most  of  the  other  catupounds  previously*  uynthasized.  Also  of  Intorest 
was  the  fact  that  ths  l-iBOpropyl~2'-(2-m8roaptoethylamiao)-{(,ii-dinsthyl 
irddasoUnium  sulfsts  derivative  (8-127),  which  was  one  of  tte  least  toxic 
of  this  group,  was  of  no  va^uo  as  a  radioprc'/sellvs  agent.  This  c'^^pound 
was  already  rearranged  to  a  g'JsnidinoeUxisctit  iol  (OFT)  fcors  in  cuUtrasl  £•:  ioa 
other  salts  which  presumably  rearrange  to  that  form  in  the  body  when  sdrdul  *- 
tcred  in  either  a  neutral  gr  slightly  olksllns  rwdi.nm  Figure  1  depLots 
graphically  the  pereentagw  nu'vlval  ourvos  of  8-12ii  at  the  two  d^'sago  ’‘cvels 
employed. 
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TiysiE  2 


TOXICITT  fJW  nADIO-ROTtCi'lVB  ACUVOT  OF  VARIPi' 
CHEiaCAL  GO;C«lWDS  •  ' 


Conpoind 

(Nsine,  Code  Nus^or,  Vehiula, 
and  Formula) 


c(|-Ilienyl  aisinoatiiyliso- 
ihluroniun  aulfat^ 

15-123  (H20  plufi  heat) 


K 


:NH 


KUg-CHjC-S-C'  ‘HaSOi, 
‘  '“BH2 


0" 


cC-Fhenyl-  ^  -dlncthyl  ssolno- 

•thyliaothiuronlupi  aulfata 

B-121*  (HgO  plua  Jiaat) 

CHj  H 

KtU.C - q-.l-C-NH  „ 


Fitture  of: 

ethyl-  -prorylJialr.osthyl- 
is-othioima-.lu^  aulfatt,  ord 
f\-fTopyl-  /3  -aa  Uylarelnoathyl- 
isothiowirjntuT!  sulfate 

B-12S  (HjO) 


Toxlollgr 


Radlatioa  Stodiaa 


App<  LD^O  {  ^ 

agm.Aff*-  jmgm./kgn. 


25-i>'0 


20.J5 


NKg-CH 


Jfil 

CjlgCIl^CHj  CHj  "’2 


/»32 

— CB - S-C'  •H2S<^ 

CJr3  CHoCHgCHj 


50-100 


25 

10 


10 


25 


Chaasa  In  I 
3^  la  (Hortallty 
B^a  I  >3  Days 


0 

0 


♦  1 

0 


loAo 

10/10 


loAo 

:A'' 


10/10 

loAo 
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TABLl  ii— -Cont^iia 


Coi^>otBid 

itmmt  Cod*  Nunbarj  V<thlel*i 
and  fonBula) 

Toxicity 

lUdiAtlon  Stndlmd 

1 

kpp,  10)50 

api.A(Pi« 

Dob*  in 

CJiangB  ii« 
ST<o  in 
aayt 

Nortallly 

30  Vv* 

0C’*^P7l''‘  fit  fi  -dlMthgrl  amino- 
ethjrlisothiwonitia  mnlfatm 

B-).26  (HsO) 

?"3  9 

NKj-?  f 

CH-i  CH2CH2CH3  ™ 

10-25 

10 

5 

-  1 

lOAO 

loAo 

l-Iaoprfcpyl-3-(2'niercaptoeti>3rl-  | 

aii(lno)-Iiilt-cllnrthyiL  imidazo- 
ilnim  aiilfate 

1 

B-127  (HgO) 

CH3 

i 

H-K^»'-CH(CH3)2 

N-CH2t^-j3H 

>1000 

‘i 

1000 

500 

-  2 
-  2 

0  0 

0  0 

3*'l'*5”Trt««thyllaoataael«  1 

CS-13i*0  (K2O)  1 

/CH3 

B*eC^  •*  ! 

1  1 

0— — 

'-CH3 

1 

>1000 

500 

300 

0 
-  b 

H  M 

00 

2  -Chloro-2-iii  tro-3-nonanol 

C3-1295  CPO) 

KO2 

:6H33-choh-o-ch3 

Cl 

50-100 

50 

25 

^1  1 
! 

0 

0 

L  .  _ 

10/. ) 
loAn 

1 

1 
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TABUt  2-«Cgatlira»d 


Coapovnd 

(laMf  Coda  Nuifcor,  Vahiole, 
aad  forma) 

Toxielt^ 

Badiatlon  Stodioa 

App. 

Ooaa  la 

Chaafo  td 
Sfjo  la 

Oara 

Hortalilijr 

30  Oaya 

lt-Btti]rl-3(5^eptanedioiio  dloxlaa 

CS-503  (Kl) 

f2«5 

CgHj^-CH  — ^2"5 

NOH  NOH 

■ 

2C<y*3O0 

200 

100 

0 

♦  1 

II 

Proplonohydroxaalc  acid 

CS-502  (H2O) 

C2K^04IH0R 

500 

300 

200 

1  1 

loAo 

loAo 

1-Phan]r'l4i ,  li-dliMthylliBidasoll> 
dina 

C3-1752  (10) 

CHj  —  C(CH3)2 

. 

XO.'VSOO 

100 

50 

t  1 

1 

’  .  4 

jc/10 

l.lsopropvl-lt,  t4-dl)B8tll7l- 
iaildazolidlM 

CS-17b'l  (H2O) 

<'»3y”-"v.cA'' 

300-500 

300 

200 

1 

loAo 

loAO 

a 

Stwliw  lacovplat*.  | 


TABLE  if- -Continued 
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TASI£  2— Continued 


Conpcusd 

(H8M,  Coda  Humbert  Tahiela, 
and  Fom^a) 

Toaclcitgr 

1  .. 

Radiation  Studlea 

1 

App.  IBjo 
m^./Kffu 

Eoaa  in 
■gn.  A0>* 

ChoBga  In  i 
SIjo  in 

Hortalitgr 
30  Daye 

Tris  (proplonojqrnaths'l  )- 
nltronathana 

0S-171j1i  (PQ) 

(C{,H5C00-CH2-)3C-N02 

300 

200 

100 

0 

♦  2 

loAo 

loAo 

H  •  -  ( t-ButyTL-i-metbyl- 
1(  2-prop  anedlfigilna 

CS-171»5  (HjO) 

f«3  f3 

CH-I-C  —  CHo-:JH-C  -CH-1 

J  t  ‘  1  i 

I.'IIj  CHj 

200 

100 

50 

-  It 

0 

0  0 

>-Bronoprbplonitrlla 

to-ci  (?a) 

Br-C'{2-CK2-CH 

50-100 

1 

KO  ' 

25 

*  2 
♦  3 

loAo 

loAo 

2t2'-(i1etiiyll7alno}  dlathanol 

i 

D0-*^2  ^^20) 

HOCH2CH2' !I-CH2CH2^ 

^3 

500-1000 

1 

500 

30c 

-  1 

0 

10/10 

.0/10 

NtN'-01b«aigrlathjrl«io  dlmina 

DO-53  (10) 

^^CF2MH-CT«2CH2JMI.CH2.^ 

1 

so 

05 

0 

0 

loAo 

SAC 

tL  ** 


V 


Co^Muad 

{(fast.  Coda  Nui^r,  Vahiexat 
and  Fonnila) 


U'MathyUansophenone 


Toxic!  tgr 


Hadiation  Studios 


OO-Slt  (FO) 


Tuinodlacatlc  acid 
00»5$  (>^0  plus  haat) 
HOOC^Hj.HH-CRj-COOH 


2  -Metturlalanlna 

K)-56  (rtjjO) 


I  !  ' ChaDga  in  . 

;  App.  U>^o  *  ^  I  STen  in :  Mortalltgr 

jsgiii.Aff..  jM«a.Ag«-  j  Cii^s  I  30  Days 


250-500 


$(V10O 


uVlo 

loAo 


fa 


'  TAHUi  2— Contlnusu 


COOK 


500-W00 


JOO 

300 
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X&BIaE  2«— Cwtlnmd 


" '  '  '  ■  ■■  --  ■  -■  -  - . -  -l 

Caqwapc' 

(NaMj  Code  lliadMi^t  Vetcisle^ 
and  fbwHiie) 

twcioit^ 

. . . . . — -  1 

Radiatloa  Studies 

1 

tpp.  LD50 

Dbm  la 
■9uA«i« 

Change  in  i 
ST<o  la  j 
Sagra  i 

7 _ 1 

nortiilliT'  1 

30  j 

l-(n>Biitrl)-2>thio>li,li,6>trl- 

MthTldihjniropin'iBld.lJM 

s-1339  (re) 

OH^  /®^3 

!)  '* 

CH,-C  ^C-SH 

t 

CR^H2CR2CH^ 

100-200 

100 

50 

1 

i 

loAo  i 

loAo  ! 

1-  (a-HjrdroiQrpheiqrl)  -2-th.‘.o- 
{i«lt>6-trlaathyl  dihydro- 
pyrialdlna 

k-131»5  (re) 

CH3 

"C 

a-' 


C^OB 


(ni«iqrl«£<<  )phenjr10-2-thlo> 


pjrrlaidlti* 

K-135U  (re) 

CM«  CH, 


"studlM  net  cenplete 


TaBJK  2 — Co-itinued 


i  Toxicity  1 

i 

(.'OBOOliilU 

1  ' 

(NisiOi  Cr,d(j  tiumbor,  Vs!>i<.-le 

r  1 

I 

and  Foritra'ia)  • 

;  App.  TX'jo  I 

i  MMa 

!  Uoue  In 

P.sdiatlon 


-  -  ...  -i 

I" - -  - 

l-fS.'I  Pi.'.'doropt'enyl)-;?  ihio- 

ij/rlnidinu 

i:-ij5o  (K,) 

01- ,  C!l3 

'c' 

1 

i00-?0C 

1  f  oil  no  )p!icryvlj 

2» V  lo-L-  f  !i  j  6- 1 rlMot^iyl 
ihydj’Oi  y  f  i  Jii I 


Chiwf^e  in 

Leya 

1 

Mortality 

1 

• 

30  Day.! 

..  2 

10/10 

0 

•1 

loAo 

icUi  if  •. 

sv  (rc) 

>  C-;MH  -C  -S  i  A 


1  loo-i’or. 


C(aipc8ud 

(NaiUj  Coda  Kuabarj  TiR'vi.slA, 
end  fbmnile)  '  *' 


3-Benza7l»l-(  |3-n£iphthyl) - 
2-thioure» 


K-1U7S  (ra) 


8  S 


3-Ban3oyl-l- (p-tolyl )- 
2-thiouraa 


K-1Jj70  (PQ) 


3-Bonzoyl-l'  •  (o-bicy  clohaxyl )  - 
2-tJiiom’oa 

K-i1j68  (fO) 


J-Bansoyl- 1- (p-diaothyl- 
snlnopheiiyl)  -2*--ihlouroa 

K-lli67  (PQ) 


Taxi city 


,  Jtadiotion  Stidlaa 


I  Chango  la 

App.  IBgo  Sosa  in  1  in  Hortallv 
toffa./kga’  iaga.A6i>>  {  o^a  3C 


200-300 


Ccn;!Ound 

(liaae.  Cods  t  vantei-,  ’’fth’clt, 
!<'oir  «’.a; 


1  (p  Chlcinplien^l.  )-2-  Jii  lo- 
ij ,  1 ; ,  c  -  +Jr  iiis  dliiy  ir o  - 

pyrjjuidino 

:c  13^49  (re) 


Cl 


iK  2-  -Ca.itJ  nucc 

loi-lcil/ 


Ceai^tion  .Itudifes 


Ieijf.nj9  in 

:joap  iij  -jTc  in  HorUliii' 
EgB.  A<7l-.  3.^5  JO  Pays 


Per  Cent  ownrlvnl 


67 


Klaurn  1 


aoo  r  of  Khole  Eooy  X-lrraalation 


- 10  ii®s./kga.  B-12U 


Da/a  After 


Control 


J - 1 _ L-  l  I _ t 

16  18  JC  22  2i»  26 


-L 

28 


P«r  Cent  SuttIt*! 


6a 
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t  fllseellanooue  groi^  of  aliphatic  and  ironatlc  alcohols  end  amines, 
with  or  without  nltro  and  ehloro  aubatltuenta,  had  been  prevloualy  included 
w  our  aoreenlng  prograa  (1).  Since  som  of  these  conpounds  exhibited  ellrtit 
to  aoderete  radloproteetlTe  actlei*w,  e  n«Bbar  of  ccBpounrle  of  c.lnilar  structure 
’f”  Huwewet,  only  trl*(2-«hloro-2-nitro--L-butyl) 

.phoephate  (CS-26}  and  II^II''dlbc;4S3rleth{>lene  dloelne  (DO-53)  showed  ati/  radio- 
prateoUwe  effeeta.  CS-26  peralttod  lOj  at  the  nice  to  eanr<.TO  for  thirty  days 
after  Irra^Mloo J^en  adnlnlatered  at  1,000  wn./kgn,  and  DO-53  did  likewiM 
“  'ttth  the  forsMr  coaipauad  a  reduced  doee  eH«<nat^  xha  pro- 

tMura  effect  while  in  the  lotter  case  it  wee  the  loweet  dose  of  the  two  tested 
which  protected.  Figure  2  aheva  the  aforementioned  results  grephlea  iiy. 


Figure  ? 

Kffact  of  Tris{2-chloro-2-nitro-l-but3rl)pho8i)hote 
(CS-26)  and  h,K<-DiUensjrlethylone  dlssilne 
(DO-53)  on  Sunrlval  of  Mice  Irradiated 
with  800  r  of  Vfhole  Body 
X-irradiation 


foi.  oo^jowdji  hm  bMB  UsUi  la  th«  prMnt  studr 

thrin^r??/*^  prot^uw  acUTHy  agalait  rrfiatias  Utlmilly  tn  Bl8«.  ^ 

•Xf*oto  w*!«i  flbtatoiil 

■»*  dlislaa  (D0-S3).  xaa  radio- 

protwtlTO  afreet  ef  the  leothlnroalvn  dorleetlee  la  aieb  'leaa  ♦>»»»  that  of 
the  parwt  eo^Mnrd  aieliMetlqnieothlaroaliai  {a*!T>  bat  It  1^  InterSt  e^a 
only  a  few  of  the  ABf  derLvetiaee  Uated  la  thle  «« 

**^**“*’  «<■  th«  t»»  other  oo^euade  idilefa  arfij^ited  proteeUve 

r^reaeate  the  firet  phoaphate  derliratlaB  ahlch  w  have  taatad 
co«5o!IJ2^1?thlf  octlTltjr.  It  la  plnmad  to  iiiroaU«ata  additional 


Safaraaca 

•«“*  *•  a«iUtloa  taboratorr  Seraanlng 
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PHjauwccjwoiCAi  jofi)  Toncof'yiiCAL  ccmpounds  as  aicTEcnvE  or 
rmu^mrac  «osrrs  aqaxnst  radiatkii  ihjiey  lv 

SXrSilKaiTAL  ANSULS 

n.  yurthar  atudica  on  tt»  Heehanlni  -if  the  Hadiogrottictly 
Aatlop  cTStrotooln 

B.  J.  Tricou  and  Ooall 


This  r*P«gt  concama t  Th*  aurvlTsl  lis»,  acrtallty  ard  «»»lght  losa 
of  Rileo  ireatod  wltir  0aroi<]nia  prior  to  tbe  adadnlatration  of  varying  doooa 
of  uholo  body  z~lrradlatlon  md  th*  influonce  of  th«  tlno  of  adadnlatration 
of  tb«  seroton5.n«  cnvlronaental  tMooraturo  during  irradlatlcn  and  adMlnla- 
tratlon  of  serotonin  antagonists  oa  the  radioprotaetive  activity  of  serotonin 
against  radiation  lethality  in  nles. 

Inasdlate  or  nltliaata  applieatf.on  of  the  reeultei  These  studies  ware 
conducted  to  obtain  IrToisuition  on  the  iaeehanisa(s}  by  vhioh  awotonln  pro¬ 
tects  nlos  against  the  injurioos  actions  of  whole  body  z-lrradiatloo.  A 
better  imdersiandlng  of  the  radioprotective  effect  of  this  eontsound  would  be 
of  considerable  valiM  in  the  selsotlon  of  related  compounds  for  synthesis  and 
testing  ss  rsdloproteetlvo  SR«nts«  Such  inforastlen  should  also  provide  In¬ 
creased  Insight  Into  the  nature  of  radiation  injury  itself. 

##♦*•*#* 

In  prcviOTB  studies  (Ij?)  we  dczonetratwl  that  serotooin  is  a  hlghi/ 
effective  indioprcteotlvc  t^ent  in  .sica  thus  confirsiing  a  wwiom  report  of 
protective  aotivliy  in  this  species  Dosage  levels  of  7$  to  100  nga.Agm* 
of  -Sio  serotonin  creatinine  s<alfate  ccnplex  (ASP-1)  permitted  70j(  to  80^  of 
the  pretreat ad  animals  to  survive  a  lethal  dose  of  whole  body  z-irradiatlon 
(600  r)  for  at  least  thirty  daye.  In  further  studies  (1)  we  were  also  able 
to  demonstrate  that  the  rar^loprotective  effect  of  this  cocqpouod  can  be  sub- 
etsntislly  reduced  by  subjecting  the  ndce  to  five  atnoepherse  of  coarsen 
pressure  during  the  radiation  ezposure.  •vlnlla:.*  results  hui«e  hseu  < (.ported 
in  rats  by  Van  den  Brenk  (5)  who  also  obtained  some  reversal  o:  the  radlcfro- 
tectlve  effects  of  serotonin  In  rets  fay  the  use  of  serotonin  antagonists.  It 
was  of  Interest  to  doterrtne  ttetho-  the  rridloprctcctlve  activity  of  aerotonin 
in  nice  oould  be  reversed  ty  known  serotonin  antegonlsta*  Four  such  antago¬ 
nists  here  been  obtained  mid  the  present  stuctir  contains  the  results  of  neasvs- 
asnts  of  ths  offsets  of  thsss  ecsipounds  on  the  r.dloproteetdve  aoMvlty  of 
ssrotonln  in  mlcs. 

Kypothsrmls  has  been  rsportad  to  ezsrt  rsdlopretectlve  affects  in 
snimals  (6)  and  sines  it  tj  puaaibls  that  the  radloprotsctlrs  sotl'.'itr  r.f 
serotonin  nay  bs  related  to  Its  hypoikarmle  activity,  ws  btvo  investigated 
the  affect  of  serotonin  administration  on  tbs  i'sct..l  tsnpsrature  of  duo#  az- 
posed  to  Inoreaeod  end  docresasd  envlroBmeutal  tenperatursa  before  end  during 
radletlou  ezpcsuro. 


71 


Id  prwrlou*  Btodies  (2)  it  obaetv^d  thait  tt»  Of  strotcoin 

to  prrToat  the  radlation-liidueod  itwroMO  in  tt»  idmoolao  tripbosphatiao'  ac- 
tlvltar  of  the  oplaona  of  z-rajrad  idea  waa  nora  iroooimeed  tdm  low  d(K-.ea 
(100  to  300  rap)  of  radlatloo  vara  onplojad.  It  oppsami  from  tlmea  » todiaa 
that  the  radloprotaetlva  aotlvl.,'  of  aorotonln  la  ralatad  to  t'to  radlatiae 
doae  adwlnlatored.  To  furthar  is^astlfato  thia  affaot  atadiaa-  mco  oarrlad 
OBt  in  idiieh  tho  radioprotacciva  aetiall^  of  thia  ooivonid  vaa  nsaanrad 
ttaraughout  a  ran(a  of  x^agr  axpoauroa.  Frobit  Mrtalllgr  data  fToBi  tbaaa 
atndiaa  haa  baan.aoaljraad  statiatieally  and  la  praaaatad  in  thia  raport* 

Wa  haoa  prarloualy  danonatratad  (2)  that  tha  ^tiaal  tlna  to  adaliila- 
tor  aarotottin  to  obtain  nazlBa'i  radioprota^va  aotlTltjr  vaa  iBWKtlatnTy  prior 
to  tho  radiation  ezpoauro.  Sinea  it  roqidred  about  tHontar  ninutaa  to  adninia- 
tar  tha  radiatlan  doae  in  thaaa  atudid8»  it  ia  dlflleult  to  evalnata  tha  in-" 
fluanee  of  the  (lir<ftion  of  tha  pharmacologic  affaet  of  aorotonln  in  relation¬ 
ship  to  tha  tips  of  admlriiatratiaD.  It  waa  felt  that  nora  precise  Infomatlan 
cotdd  be  obtained  tgr  atMniatering  the  radiatica  doaa  in  as  short  a  tlaa  am 
poaslbla  and  in  tho  present  atudf  va  hare  inrestlgatad  the  influanca  of  tha 
tlaa  of  adminlatratlao  of  tha  aarotonin  when  tha  radlatloa  exposure  la  given 
in  a  very  short  tiias  (spproDdaataly  one  ntnte). 

Mat^ala  and  H^oda.  Adult  mala  aid  faaala  Cawnrtb  Farms  adoa 
(CFj^)  WBighing  batwoeo  i6  andi  2$  grass  vara  aaplograd  for  thaaa  studlaa.  Tha 
antwala  were  housed  it.  an  alr-eoo^tionad  room  (7$**  F.  to  80^  F.)  and  mra 
provided  with  food  (Rooldand  ttouaa  Pallets)  and  water  ad  libitvsk  Aqnaons  ao- 
lutlons  of  tha  sarotorln  ersatinina  sulfate  iAS?-l)  ami  of  tho  other  drugs 
wore  adslnisterad  intraperltonaallg  $  to  10  ndnutas  prior  to  tha  radiatlan 
exposure  except  ea  othandsa  spaoifiad. 

All  of  the  x-ragr  expoauraw  were  given  as  aiagla  whdla  bodf  irradi¬ 
ations  hr  aeana  of  a  O.E.  Z-regr  Obit  (2S0  KFP»  IS  aa.)  at  a  target  diatance 
of  7S  cm.  and  a  doaa  rata  of  39  to  hi  r  per  aicuta.  Tha  doae  ratn  vae  de- 
tenoinad  prior  to  each  Irraolaclon  exparlaoit  tgr  aeana  of  a  100  r  Viotoroan 
Ionisation  Thiohle  in  air.  Iba  added  filtration  oooaistad  of  0.25  ns.  of 
coppor  plus  1.0  on.  of  alunlnua*  In  the  high  dose  rats  studiss  tha  targat 
akin  distance  waa  about  20  oa.  and  tha  dose  rate  was  $70  r  par  alnuta*  Thva 
waa  no  added  filtration  present  in  tbaaa  atudiea.  Sell^  observation  of  tha 
mortality  and  woight  changea  were  aada  in  all  of  tha  oontrOl  and  axparlsentat 
groupa. 


Rectal  tsiperaturea  ware  aaaaured  by  means  of  a  thsmistor  (Taoo  ‘iypm 
32A11)  coonaotad  to  a  appropriate  bridge  circuit.  Tha  eenaittvitr  of  this 
apparatus  in  about  0.2°  F.  and  tha  iccoocsc  time  is  leas  than  two  aeoaida. 

Tha  environmental  tanparatora  of  tha  anlaala  waa  maintalnad  at  26°  C.  daring 
tha  radiation  eaepoaura  by  aaana  of  an  insulated  tanparatura  eontinUad  box. 

In  thoaa  axparissnts  in  whioh-hl^iar  and  lower  environmental  taegr  etures 
were  tasted,  the  tamparatura  within  thia  ^  waa  oontroUad  tharmortatloally 
durlng  tha  radiatlan  axoooura  to  either  lt°  C.  or  38”  C.  end  the  mlea  ware 
chiliad  or  pra-wamad  for  twenty  mlnutaa  pricr  to  tha  irradlatics  nxpoauru. 

«Tha  aaapla  of  aorotonln  eraatinina  aulfata  (iJl^l)  and  the.mttegonlat 
(SA-97)  used  for  thaaa  studlaa  was  auppllad  by  Or-  h.  Seheek,  Abbott  Imbora- 
torioa.  North  Chloago.  VlUnola.  Tha  d-lyaargla  sold  diathriemida  (IiSD-25) 


4g|-natborl-N'-(lt-ehlorabaac)9dr7l)-l,t-diaBaoyDlaootana« 


and  d-taroHlyserglc  acid  dieti^laxlde  (BaL-^lliC}  ware  provided  DTo  R< 
Bireher^  Ssndoa  Inc.,  Hanover,  t>«v  Jsrsi?  and  -Jat  £a^e  of  aetharglae  was 
obtained  sQnnsrciaUy^ 


8ai»ariMental 

Kffeet  of  tiaw  of  attalnlstraU.on  of  awetwln  In  relation  to  lethal 
doses  of  ^ole  \x>dy  trryiiatiua  on  the  Burvlval  tiae  cf  alee.  In  previooe 
•todies  (i)  it  was  found  that  the  earilwua  eRaotiyeoeae  ot  asrotonln  a^^alnst 
lethality  in  wise  exposed  to  SCO  r  of  whole  body  x-lrradlatlon  occurred  when 
the  drug  was  injected  within  tea  sinutes  paior  to  the  radiation  expoaore. 

Hiooe  the  radiation  exposure  oeeurred  over  a  20-nicute  period,  it  was  desira¬ 
ble  to  datenalne  the  optinal  period  of  activity  of  the  drug  acre  precisely 
by  reducing  the  tli^.  of  the  irradiatioc  exposure.  A  dose  of  6h6  r  was  found 
to  be  adequate  to  juet  kill  all  controls  and  alia*'  the  ■anlfeatatien  of  vary¬ 
ing  dcgreee  of  the  proteotlve  action  of  aorotonin  whan  the  radiation  was  given 
at  a  dose  rata  of  570  xVkLn'ute.  This  does  was  adadnictered  in  a  period  of  66 
aeoonds.  Male  CP^  sdeo  were  Injected  intraperitoneally  with  an  aqueous  so¬ 
lution  of  serotonin  creatinine  sulfate  at  a  dose  level  of  90  ngn.Ag*.  at  10, 
30,  U5  and  60  rdnutes  price  to  the  irradiation.  The  rectal  temperature  of 
these  fdca  was  Tsaasured  juLrt  prior  to  the  irradiation  and  at  intervals  after 
the  radiation  exposura.  At  least  slxteem  aninals  ware  uasd  in  each  grown. 

The  results  can  be  aect^  in  Pigure  1.  The  maximal  30>day  survival  was  ob¬ 
tained  when  the  drug  was  adninlsterGd  at  10  to  30  adnutes  prior  to  Irradi¬ 
ation,  although  the  nasinua  decrease  in  body  teaperature  occurred  at  60 
ffllnutea  after  the  serotonin  injection.  Another  group  of  ani male  was  given 
auTotonin  iaaadlately  after  the  radiation  axpoaure  was  scmpleted  and  thase 
ndee  showed  no  differeoea  in  survival  tine  cr  mortality  as  eoaparad  with 
•ntmalti  receiving  no  drug. 

Sp-fluenes  of  earv^<w>aental  tesperature  on  radiopretvetive  effect  to’ 
aycttaiin.  in  ord«’  t-o  ln'/~ jtlgats  the  effect  nf  the  hj^tScmfo^’iniertlU^ 
of  sorotoiiin  on  the  mechanlsn  of  its  radioproteotlve  aettvity,  ten  groupa  of 
oixtsen  CP^  male  miee  were  irradiated  at  tiarse  taagieratures.  Control  mice 
and  mice  Injected  intrcperltcneally  with  90  aga.A^<  of  serotonin  were  ir¬ 
radiated  at  room  temperature  (35**  C.),  at  C.,  at  U**  C.  after  a  SO-minute 
period  of  ohilllng,  at  JS**  C-  mS  at  36°  C.  aftar  a  PO-mlnute  period  of 
warming,  heetal  temperatures  were  meeswred  iamedlately  prior  to  and  immedi¬ 
ately  after  the  exposure  to  &0  r  of  whole  body  x-irradiation  at  ^  ^e  rate 
cf  uO  r/mlnute.  The  results  can  be  seen  la  Figures  2  and  3  snd  in  Table  1. 

I V  can  be  seen  that  the  temperature  during  and  pirior  to  irradiation  hod  no 
effect  on  the  ncrtality  or  weight  loss  of  oontrol  mice  and  of  those  adoe 
treated  with  serotonin.  Tie  nice  kept  at  and  irradiated  at  room  tanperature 
showed  7Si  survival  at  tha  end  of  thirty  days,  wiMroas  those  anliuls  which 
ware  chilled  and  attained  a  rectal  tampsrature  c'  5°  to  10°  C.  lower  than 
the  ocntrols  exhibited  only  5Ci  to  $3%  survlvaX  et  thirty  d^rs*  '-•'■e  meo 
wtiieh  were  warmed  and  Irradiated  in  a  warm  atmosphere  showed  a  high  degree 
of  initial  drug  toudoil^.  Of  tha  survivora  fToo'  the  initial  offeeta  of  it 
radiation,  survival  at  tbi  -ty  days  was  Intenuetllate  between  UiO;.^e  anlnala 
irradiated  at  room  temperature  nai  thooe  which  were  chilled.  It  may,  the.'-e- 
fere,  be  omcluded  that  in  thase  ranges  the  radioprotective  effect  of  seroto¬ 
nin  la  not  due  to  the  lowering  of  body  terqwraturu  in  alee. 


Pa*  Cvit  Surviving  30  Dagys 
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Flgurn  1 

Rectal  Tentparature  (Pi-e-lrradiatlon)  and  30>1^  Survival 
(Poat-ii'radiation)  of  (lico  Given  90  of 

Serotonin  at  Varlone  Inturvals  Baforv  a 
Lethal  Exposure  to  Whole  Body 


! 


\ 


V 


Degrees 


Ftei  Cent  Orif^insl  We.i?:ht  ftr  Cent  Surrlvlog 


7.'; 
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Effijct  of  admtntgtratiOT  aw'otonln  wntagonlstB  w  tho  rylioppotec^Ye 
bffactw  of  gfcTotonln  In  wtcer  It  hag  ti»«n  rerortgq  that  isbj’^OL-lL'^  sriri  MS' 
pitenel  ac;wtrJ.art«re<l  trior  "Jo  mrctcnln  W’.clc  th«  r«dlope*ote»etlvo  **^*’9ot  or  t*:.« 

compoiuvJ  In  rata  (It).  In  vl«si/  of  tho  cmtclualon  IttpsUoi*-.  tn  thsae  irc- 
culta  thit  tha  rndioproteuttvo  offset  5«  related  to  the  pharriacologte  if.roct 
of  aerotonln,  it  wm  deslrablo  to  ntudj'  theuo  onno-rjnds  and  ct.two  i'n  relation  1 

to  the  ratHoprotectire  effect  of  a^rotrail.t  la  iiioe.  tSD,  B0L>-lit3,  .totherglne 
(■ethyl  orgonoTlfM),  und  on  exporlaeotal  sarotoni.i  aateemiet  SA»^  me  ee- 
lectod  for  study.  Male  nloe  in  grot^tj  of  ten  intljnale  were  Injected  with 
the  antag<jnlsta  at  two  dooe  lovelei  after  thirty  nlnntas  half  tV  jroaoe  r*- 
celved  serotonin  end  ell  of  the  grenps  wore  then  exposed  f«  sc  x-ray  does  t;f 
800  r  at  e  dose  rate  of  Uo  r/olaute.  Ihe  results  ugr  be  seen  In  Figures 
through  7.  In  no  oaeo  did  the  antagonleta  vhow  nro‘;3cU>-o  affects  alonst  i>~  I 
In  the  eas'j  of  BOL-Uth,  st  losety  there  wre  eone  hastening  of  oortalfty. 

2$  and  ecupletely  obllterctec  the  rndlrprotootlve  effect  of  aeroboi.ln  ! 

St  the  blr/tcr  dose  leve^  end  elgnlfloantly  doprco;>od  it  at  dosages  of  $  ikgm./  [ 

Icg^.  of  s^.tagonlst.  ^'>-97  dlnlnlshed  UtS  ‘.'sdloprotsctlva  effect  of  s'crotocln  I 
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WRure  7.  Effect  of  Ketivrl  Er.'ooovlno  (Hethorgtne)  on  the  Rad5'5- 
protective  ictivlir/  of  Sarotoaln  Creatinine  Snlfale  (ASP-1) 
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at  a  dose  of  $0  ■et./kgp.  but  sot  at  tbs  lor.'^r  doss  of  10  *ga.A0s>  Ketbfl- 
argaiMiat  tkKrfiad  ttas  30-digr  swflTcrs  froa  67it  ia  the  sarotoBla-traatad 
Wiliams  to  a)>|X‘aadLMte3)r  2Ct  at  a  dose  of  altbor  2  or  1|  ogn./lqpa.  T*-  ^  tioc> 
ioiigr  of  the  «rcot  dsrlvatLva  |»*a«aDtod  tlia  tasting  of  idglMr  dosss* 

tts  laflMsys  of  as»‘<>tonan  ea  ^  rsspanse  of  ados  yawswl 

to  yarylns  d^s  of*  sboia  ^oAr  :i^iri»a(ilat^.  'ilwiidt  se  Wo  <<lsMoiistraW 
ihai  sarOMojla  W  a  narics^  [Mieoilrs  affsot  against  the  aortalltgr  sod 
uadgitt  loM  ssso  In  alos  wrpne«<.'i  to  SOO  r  of  bodtf  z«lrradl«tlan.  Utils 
Infomstloa  Is  aaallabls  eonosmlng  tbs  aapiltods  of  tbs  protsetlve  sffsot 
of  this  eoapcamd  at  ottasr  radlotloe  dosage  Isaals.  Zt  vas  of  iutarest,  thars> 
fors^  to  obtain  Infonaation  cn  tbs  4ose-rsspooss  rslstloaahlpe  of  s-ri^wd 
nies  troated  with  serotonin  prior  to  tbs  radiation  aposare.  Fbr  these  stadias 
■ale  sod  fanala  adna  were  exposed  to  doses  of  vhols  z>iirsdiati.oa  rsrglag 
froa  r  to  I300  r  and  eoKoarable  groctps  of  nice  traatad  vlth  90  agn.  /Vg'. 

Ox  serotonin  vare  exposed  to  single  vbole  bodf  xhtiv  doses  of  TSO  r  to  1300  r. 
Qroups  of  eight  kIoo  were  Irradlatod  at  eaob  of  the  dosage  Isvels  larestlgatsd 
and  the  studies  vare  replicated  so  that  a  total  of  32  or  6j|  — «<m1h  s«r«  srall« 
able  at  each  of  the  dosage  levels.  Nortalltgr  and  vslgiit  ehangs  observations 
vers  nsds  daily  until  all  of  tha  nioe  in  *£0.*)  of  tha  groups  vsro  deed.  Tbs 
Bortalily  at  thirty  days  after  tbs  ln|»Jlatian  sxposnrs  is  sboun  for  oaob  of 
tbs  groups  in  TaULs  2.  Using  tbs  nswjd  of  Lttebflsld  and  KUoodrb  (6)  proiilt 
nortality  regression  iinoe  vers  obtsinad  and  vs  shoan  In  Figure  8.  Xt  Is 
evident  that  tha  ragreaaion  Una  f v  tbs  avotonln-traated  nlee  is  psrsUal 
with  that  of  the  control  anlnala  (alopa  I.I3  an  ecnptrad  with  1.12)  and  that 
tbs  avotooin  adbriniatration  reduces  the  affaotlva  radiation  doaags  by  abont 
jBt  throughout  the  range  tsstsd.  Tbs  W<q  of  tbs  soroConin-trsatod  ntea  ms 
880  r  In  contrast  to  a  value  of  9t2  r  fv  tbs  U)^  of  tbs  nntrsstod  anlaalo* 

In  addltloo  to  cosftaring  tbs  I2>cq  vsluas  fv  tbs  eontrel  wd  saretnnin-' 
treated  k1co«  the  nndlan  survival  ti»  (STco)  of  tSae  anlnaln  reoslvina  tbs 
various  doses  of  x-lrvodlai '  on  was  also  dstarainsd.  Ths  nstbod  of  Lltehfield 
(7)  was  used  for  estiaatlng  tha  STgo  and  an  axampla  at  ths  probablUty  survival 
plot  tar  one  of  the  radiation  doses  is  shOM  in  Flgars  9>  dlallsr  pl^  vare 
made  tor  the  anlnols  given  each  of  the  radlstion  dosege  Zrrels  and  the  ST|te 
values  obtained  la  this  nannsr  vers  then  graphed  agel^  tbe  leg  of  the  xn&*> 
etloQ  dose  a^nistared.  Ths  results  of  these  studies  ve  showj  in  Figure  10. 
It  can  bo  seen  that  tha  respooae  is  linear  within  tbe  doeaga  reage  ~  flexed 
for  botn  the  sontrol  and  serotonin-treated  grouse  but  that  the  pirotrstive  ef¬ 
fect  is  greater  when  tha  lower  doaage  lavole  are  viOaFed.  At  a  doeaga  level 
of  about  1300  r  of  x-lrredlatlaa,  tbs  nadlan  snrvlvsl  tins  of  tbs  avotonlc- 
troated  nice  Is  not  elgnifleantly  dl^fvent  trm  that  of  tbs  sontrol  irradiated 
anloala. 


gtaonaaian  I 

Tba  reaulta  of  tbe  present  studjr,  vMeh  deamagtreU  that  the  protooti^  i 

affecte  of  aarotenln  against  rrdiation  injury  in  ales  can  ba  narfcsd^  .'educed 
by  the  adnlnistratlon  of  aawal  avotbt4n  aniaguilstst  togattav  vtth  slntlv 
findings  in  rats  ($)  auggast  that  ths  radiopretuctlv  x  n.«lvlty  of  ttala  eo^Muad  i 

is  rslatod  to  one  at  its  swal  pharasoolo^oal  vtivltdss.  Oar  previous 
finding  that  tbs  radic.' ^veotivs  activity  of  sarotcnln  ean  be  ar 

Bsrkedly  reduced  in  sics  by  high  ogygeu  pressure  during  trradlation  sxposurs 
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vigora  10 

5ff«0t  of  vltb  Serotonin  on  the  IMian 

Sunrlral  Ttm  (S^o)  of  Mlee  EjqwMd  to  Varying 
Ooaea  of  Whole  Bo^T  X-lrredletloB 
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and  the  Tact  t!iat  a  slTullar  f5.nding  h.  been  O’jjjuned  in  rate  ($)  rurnhcr 
Indinato  that  tie  phamacologlc  affect  ;sDCnBible  for  the  protective  activi¬ 
ty  nay  be  aaoociatsd  with  ancrlc.^  Cater  and  Weise  (8)  have  denoaotrate’  a 
reduction  in  the  oxygen  tenaioi:  sf  the  epleen,  bone  marrow  and  t^atie  of 
■ice  during  hypothermia  xnd  have  euggaated  that  the  anouda  thua  preduead 
■egr  ba  rasponalble  for  the  radtoproteetlva  affeeta  of  chilling.  Siuca 
aercionln  produces  a  narked  hypoihemia.  It  was  of  intereat  to  detamlRa 
Miwther  this  effect  could  be  correlatad  with  the  radioprotective  activity- 
lha  i-eaults  of  the  preeent  studiat  deacnatrete  that  even  though  tfaa  raet^ 
tesperature  of  aerotonln- tree  ted  Bdoe  can  be  reduced  by  chilling .«  there  la 
little  Hffereiica  in  the  JC-day  «vrvival  of  nice  kept  at  reduced  or  elevated 
envircmeutal  tenperaturee  prior  to  and  during  the  irradiation  esepoeura. 

Since  prior  cMlling  did  not  enhance  the  radioprotective  effect  in  urn 
sorotonln-treatad  clmalc  and  since  loming  the  nice  did  not  prevent  the 
radioprotective  activity  of  aerotenin,  it  would  appear  that  the  ability  of 
Borotonln  to  produce  >ypothemia  ia  not  a  prinary  factor  in  Ita  radlopro- 
teetlva  activity.  Supporting  evidence  for  this  conoluaicn  waa  obtains)  in 
the  atudiea  designed  to  detenclne  the  noat  effective  tine  for  admlnlstaring 
th~  serotonin  to  obtain  nuodnul  radioprotective  activity.  Measurenents  of 
the  rectal  tempuraturea  in  these  mice  indicated  that  the  iMrtnial  proteotlve 
.  effect  of  serotonin  occui'red  coaoidcrably  befere  the  period  of  nariniai  hypo- 
themia. 

Serotonin  has  beeo  shown  to  eEclilblt  hroncboeonstrictor  effects  and 
alec  vasoconstrictor  effects  in  tho  pulxcnary  elreulaticn  of  dogs,  oats  and 
^jinoa  pi^-;o  at  <lORag<3  icvo.ls  in  the  order  of  thoae  deployed  for  tto.ae  studl  ' 
(9).  Tlier-e  pulnonar;/  effects  can  be  antagonised  by  lyaerglc  acid  dJ.ethyl- 
ajclde  derivatives  .'Ithtnif'.h  these  juilnicnary  effects  sight  contribute  tc  the 
9:;rotoi>lti  rrodu/.ed  aiioxia,  It  doss  not  apeoar  likely  that  they  would  consul - 
t  its  en  adeTjUate  meaue  of  iTOducln''  euffloisnt  anoxi.a  for  radloproteetlve  ac¬ 
tivity.  If  aerotenin  civscs  rsdioprotcctiva  effects  through  the  pr«ilv.c:ti«; 
of  anoris,  it  voald  appoHr  •  rre  likely  that  this  io  due  to  vasocoostrictor 
effects  in  specific  radiosensitive  tissues  or  to  the  production  of  a  cellular 
anoxia  tit'ough  interference  u5.th  latenacdlary  netabollsn.  Serotonin  has  a 
wide  variety  of  prQs;;or  an6  depressor  effects  in  different  speeies  acd  sany 
of  those  c’n  oo  influenced  by  the  use  of  serotonin  antagonleta  (9).  The 
poaolbillty  that  serotonin  produces  its  radloprotictlve  effect  ^  an  action 
on  intarswcilarj'  nietnbollan  hao  received  aoiw  support  in  tho  work  of  9emhei» 
et  (10)  ijho  htve  snown  that  oerctonin  ds  a  ro“«rful  inhibitor  .  Ije  for- 
^..fliatl oh  of  lipid  porooddoe  io  vitro  which  'hey  feel  may  be  imrolred  in  the 
production  of  radiation  eftaets  in  vivo  (11).  Thus,  although  it  la  evident 
that  the  role  of  anoxia  in  the  raJioprotoctivo  activity  of  aerotenin  ceeda 
elarifioatlon,  the  rosulta  of  the  present  atudiea  aupp^  the  hypothesis  that 
anoxia  ia  involved  in  the  protective  action  of  tiHs  oonpo'ind  and  furthor 
atudiea  are  ia  progress  to  obtain  ■ora  datuiled  inforaation  oo  the  preeiae 
mechanloi  Involved. 


I  S’vnary 

1.  fk'e-irradiatloD  edair.ictratlon  of  earotonlp  erovtlniiia  sulfate  seat 
affeetlve  ir.  preventing  radiation  lathaltty  and  weight  loaa  when  the  drug 
ia  givrii  at  10  to  nlnutea  prior  to  Uia  radiation  exposure.  Naxlaal 
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tenp<*i’abu;'.’e  lovroring  .foilowin;'  tiic  udii’niuta'a'fcioii  of  BCff'otoniv!  'lo  rr/icu 
occurs  later  (cr.o  hoir:  or  trcirr.) - 

2-  Poovr-irraditvl.loTi  admalairation  of  ocrotonin  is  ir.f5fff;ori.vri  in  TO*rr/cntlng 
radiation  Icthelitj^  or  wi-'hfc  loss  in  x•>^r^.'^dintcr;'!  !rri.o«  ’, 

3.-.  Tltic  ability  of  serotonin  to  lavfar  the  rectal  tc!tiper.T.tvre  of  rt.ler»  o:^pofied 
to  a  doo.feaaod  environmental  temperature  does  not  appc.'vr  to  be  Involved 
in  t!ie  radiopvetKCtive  effect  of  this  cc!nn)cund<  It  was  not  posaible  to 
ruvorne  tlio  radioprotoctiva  activity  ot  tferot(mi!.n  by  iucreasing  the  en- 
vii'onrscntal  tranperature  c£  the  x-~irradiated  ■:»ninial3  either  d',aring  or 
pj'ior  to  tho  radiation  e?:p^»s»:ro« 

V 

i;,.  The  radioprotective  activity  of  serotonin  ap-3d.nBt  lethality  and  weight 
loos  in  x-r;?y'd  mke  can  t>e  marVedly  reduced  by  the  pidlor  adrai.nl3tration 
of  S'lrotoain  antaRonista  euch  oa  the  lycorfic  acid  diothylajidda  deriva¬ 
tives,  methyl  ergfmovine  and  an  cx^jcrinon kal  antai?onist  SA-9'7i 

!?»  Calculation  of  the  done  reanonao  relation  ships  between  the  lOday  survival 
and  the  radiation  dosage  I'evenlcd  that  the  eeretonln  administration  reduced 
thft  effective  radiation  oxpostire  by  about  iiOS  vdthin  the  dosage  range  of 
liOO  r  to  1100  r  of  whole  body  x-lrradiatlon^ 

6o  Fpobit  moctality^lotfi  of  the  r.odis-n  survival  time  of  aiirotonln-treated 
and  control  Irradiated  animals  denenstvatod  that  the  radioprotective  ef- 
f'»ct  of  this  ocs:paund  is  moi's  pronojiiced  when  lower  noses  of  rndlatlon 
ere  employed  and  that  at  a  dosage  level  of  about  I3OO  r,  there  is  no  sig¬ 
nificant  differcnco  in  the  ST50  serctonin-trented  and  coatrol  groups 
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ni<  Aol«t»e*t«ly««d  RaytloM  of  Ailrdlnca  with  Xniourtta 
iin<t  ^ti»  flTlwiiivfc'L 


3tJnl«gr  J<  Brolc  and  Qarhard  L>  Cloaa 


TMa  raport  c:\ncerDa  i  Further  etudlna  on  the  kinetic  and  aynthetlc 
asrecta  ot  ihe  acldf^'catalyaed  reactiona  ot  atlrldinea  with  thiourea  and  Ita 
analogao 

Bnaedla'^  or  ultimate  application  of  the  reaulta;  Ike  role  of  aterlc 
and  electronic  factoi's  on  the  ^NZ  reeciivl^  of  j-trlaeth^rlaairidltte  hna 
been  elucidated  employing  a  epectmphotoaetric  technique.  Ihe  aucceaeful 
application  of  our  new  aeli'idine  cyntheeia  to  a  apectrtai  of  proto-type  tetra- 
subatltuted  olefine,  both  aliphatic  and  alicyclie,  hae  danonatrated  the  general 
utility  of  thla  preparative  nathod  for  procuring  2|2,3j3*tetraalkyla8lrldinea 
in  vary  good  yielda.  Frelioinaiy  aynthetic  work  ancoupaaaing  the  baae-oatalyaad 
reaction  of  N-chloro-t-butyla»ine  indicatea  that  the  Stieglita  rearrangvent 
elao  oceure  in  a  purely  aliphatic  eyatea. 

*•«»*«•* 

Conaietont  vith  the  eecond  order  kinetlee  previously  observed  (1)  in 
the  reactions  of  aairidinen,  the  pracent  rete  stuc^  on  the  ring  opening  of 
j-trhaethylezlrldine  vith  thioure*!  alallarly  pointe  to  an  SN2  necha;iiaii 
for  thla  prooeeBc  It  la  noteirorthy  that  on  a  atatletlcal  baela,  the  trimathyl 
analog  undergoes  ring  olaavaga  about  twice  aa  feet  aa  trene-?,3-dlaethylealrl- 
dine  and  half  as  fast  as  the  cis-2,3-dls!ethylaslrldine  Isooer.  The  Intemedi- 
aU  roactlvlty  of  trlnethyl-eubstltuted  iiilno  could  be  interpreted  as  a  cu«- 
proaise  between  two  opposing  factors,  naaely,  an  accelerating  factor  arleiiig 
Cron  a  sterlc  Interaction  between  the  cls->orlentad  asthyl  groups  (eellpatng 
effect)  and  a  decelerating  factor  resulting  ircot  the  ring  atabillsii  ffoot 
of  the  three  methyl  groups  (Tkorpa-Ingold  effect).  Ike  ex^ellert-  atralght 
lines  obtained  vhen  the  present  rate  date  uero  plotted  in  accordance  with 
second-order  laws  indicate  that  the  oonc'irrent  methonolysis  reaction  is  in- 
algnificantly  slow. 

In  a  previous  report  (l),  we  had  described  a  new  eynthesle  of  2, 2,3^3- 
tetronethylaalrldine.  Tkin  novel  synthetic  nf>tlu<d  coneieted  of  the  nloro- 
nitrosatlon  of  tetrarethylethylene,  the  SnCl^^soneentrated  HCl  reduction  of  th'< 
nitroeo  chlorldo  to  the  chloroonlne,  and  eyolisetlon  of  the  latter  to  the  ix-oo  . 
ring  closui*e  being  effected  with  alkali.  In  order  W  demonstrate  the  general 
applloablllty  of  thie  novel  and  convenient  eynthvtlo  route  to  totrca'liQ'laslri- 
dlnsa,  a  series  cf  five  fully  substituted  olefins,  bolh  aliphatic  wd  sMcyolie, 
vers  prepared  and  processed  in  the  manner  describe'?  a'love.  In  ell  cares,  axcel- 
lent  results  mo  obtain '<1, 
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Ih  exploring  tlie  possibility  o»’  gciiH.rrit.i ’r  latersisdi ; te  iinivilont 

nitrogen  bpocloa,  which  nljit  undergo  «r.  aedltloii  rorxtlon  with  oleflris,  a 
owies  of  baBc-oatalyzod  reactlorj  of  N-  cliloro-t-butylaalne  were  laveetlg>»ted.; 

In  preliailnsry  worit,  we  have  observed  that  the  potaoelu*  t-.bT;taxida-o8ta’yt;od 
reaction  of  K-cn'  orc-t-butylnalne  ■>.  10,  35  and  55**  in  the  preadfica  of  on  In- 
e:*t  solvent,  did  net  afford  an  insertion  product,  via,,  2,2..dlnetlvrln~iridlne, 
nor  an  addition  product  when  cycloh»cane  was  enplo/ed  ca  aiilvant.  The  iao- 
latlon  of  Bothj'liUElne  (as  the  picrato  darlvatlva)  in  3U(  Jdnld  reveals  the 
Intrusion  of  a  dtieglits  ruarrangeneut  (2)  in  t.>lj  reactlor.  !h  contrast  with 
tne  monochloroaadne,  N.JI-dichloro-t-butylsalne  uoder  rhe  aaae  reaction  con¬ 
ditions  afforded  isobutylene  as  the  only  detectuble  reaction  product. 

Methods  end  flatorials.  Ihe  following  starting  aaterlals  ware  eusployed 
in  the  ayntJiesia  described  In  the  Exparlr.antal  section  of  the  report!  2-itetigrl> 
cyclohexanone,  ?'*.'aethylcyclopentBnono,  acetono,  2-broBobutane,  2-braaapentana, 
methyl  bromide,  magr.csltm^.  1,?-Uimethylcyclohoxetie,  l,2^iisetl9'lcyclopentana, 
2,3-diaethyl-2-pcnte:ke,  2,. ’-dimethyl -2 -hoxsns,  t-butai.al,  t-bstylaaina,  po- 
twsslum  natal,  and  sodium  hypochlorite  solution  ('’Clorox*}^ 

Kinetic  iccajuraeente.  The  Becioasn  ultraviolet  apeetrophotoneter,  nodal 
DO,  was  laaployed  to  Investigate  the  klnotlca  of  the  i:!}2  rcaetlcn  of  thiourea 
with  a  series  of  substltx'ted  nslrldinas. 


Meltiiig  pointe,  .''leltlng  points  ware  deter.olned  with  a  Flahar-Johns 
apparatus  "and  are  net  ec.-Tccted. 


Abac 
Ilaier  MoloT 
grr.trall/  i;;;,-. 


rotlor  scr.'trs.  The  infrr.rad  spectra  wire  .letemlnad  with  a  Paricin- 
J 1 ' r Wc or •  ii r  j  iT. •  ■  1-  ire J  op''-troo;iotoaot'*r-  Sacsle  eompounda  we.  > 
d  ao  pure  I'qulas  in  s  0.(}«'5  avi-’,  absorption  call. 


Raclocr  i.i,  i.r.t.'’ 1?  rc  .’cror.ro  (:"T  )  .•;j)i;i;tra>  The  spectro  were  rwi  at  peer* 
tCi 'pc  i'alufc''ei:ipl  7f"'Th^  i'o'jll ':iT'(2r’f;Igh  O.asolutioa  fp'ctrometo.  eper- 

.tting  it  ho  r.fdr.ry  rlcz)  per  second,  t.  spimilng  5  u.a>  pyrex  glasa  reference  tube 
'.dth  8  coa.\ially.  ,;r(.c‘'jic-r.-.r.'. ttor.  ea.’r.plo  tube  (Ziims.-m.en  tUw)  was  utilised  in 
jfl'GOtlng  i-hift  n:;  3ui-e.;.ent3,  dlsolnce/'nn'tf  being  detemlBed  by  the  ’’side  band" 
tschnlqua  witl:  .  r  :(1.1br-itcU  Oc'.rle'.t-Voclr.'jrd  tJ.'OJ  pudto  oeclllator.  All  aeaaure- 
nfntr  of  peak  positions  in  ops  are  relslive  to  t>ie  external  annular  bens«ie 
x’o/'? rones.  <h';.*o  IJq, sK-Tnlie  ..‘r*  need  in  a.'3.  ccsos. 

Vapor  piVj’'  chramatog.rapliy  (VPt.)  :  Product  melysls  was  accom¬ 

plished  t/  mcans’clTry  using  a  c.ifai:.',  oTTrtcraayl  phosphate  oi  flrebrlol:  with 
I’.eliiM  gas  as  the  eluting  sger.t.  In  thte  work,  a  Fi.ohdr-Ddlf  Partltlooer,  Model 
3J0  equipped  with  e  lo-.r  Ciuuxr.t  therais cor- type  thormal  eenouctlvl^  celi.  end 
autonatic  Integretcr  system  was  oraplo/ad.! 


Experimental 

dyntheele  of  olefins.  Tlie  f<j-jr  tetn-all-’/l.-vuliititated  o  coins  cs'iployed 
in  the  preselPr study  were'pi-cpared  by  the  clatoxcsl  mithad  of  .HiavaRne  (y).  Ic. 
cunsistr.  easentialiy  of  the  condenaatlon  ef  a  suitable  Oilgnanl  reagent  c/i  ketone, 
fc'.d  tncceeelve  dehydration  vith  an  appropriate  rte.i>'i rating  reagent,  ueuaUy  iodine. 
Ihis  procuebU  E  will  be  c*  nrlbed  in  full  detail  In  the  prapercUon  of  2, l-dlwethyi- 
?-pen'ten«.  In  <.hj  otner  catee,  ocly  speoiric  dot:. 11s  will  b:  ersnentad. 
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2 , 3^i«»thyl-2-p(«nten».  To  a  aclution  of  tha  Qrlgnard  r?aig«tt  (xndar 
•  nltro^  a^ospbaroj  pnrpcred  trm  7«3  aolM  of  2>lircw>!>utane  and  7.3  adlaa 
077  g.  J  of  ^aacri«a&taK  natal  tn  2  Uten  of  atdvdrona  atker  eontaiaci  In  a 
5-litar  thraa-nacknd  iflank  flttad  with  raflnx  eondanaart  dr^qtlng  f onnal  end 
praolalou  atirT«r«  was  addad  with  vljoroua  atlrring,  $$0  nl.  of  dry  aoatoaa  in 
an  aqual  voltM  of  athar.  Oorlnc  tha  oonraa  of  tha  addition,  mtIw  raflnx 
waa  nalntalaad.  Aftar  co^plata  «adltlon  of  tha  aoatona,  raflmc  waa  Obutlrmad 
for  two  honra  and  tha  nlxt'vua  waa  than  daoonpoaad  hr  tiu  oantf  onr  addition  of  a 
saturated  anonlta  ohlorlda  solutlm.  Tha  athar  lo^ar  waa  aaparatad,  washed 
with  water  and  dried  over  aodlna  anlfata.  Ttao  dlatlUatlona  ganra  a  prodaet  In 
37%  jriald,  b.p.  128-131°  (it).  Tha  raaultlng  tartiaiy  alcohol  ttas  sthaoqcaatljr 
dehydrated  with  a  eatalftlo  a.«unt  of  iodine.  At  lOO*’  dehydration  began  and 
tha  temperature  was  adjuatod  ao  that  tho  olafln  and  water  dlatillad  over  alowly. 
Tha  olefin  waa  waahed  with  a  sodlun  thlosulfata  oolutlon  to  renova  any  free 
Iodine  aid  dried  orur  cairlua  chloride.  Aftar  refluxing  tho  olafln  with  aodlm 
Ratal  for  a  half  hour,  the  s'’Jcena  waa  twice  dlatillad  throu^  a  2lt"  Podilalaiak 
column.  Tha  purlfir..'*  olefin,  obtained  In  S7%  yield,  belled  at  93-9$°  (5).  The 
YPC  analysia  of  thla  derlTatlTC  throng  a  12'  colian  containing  309t  trloreayl 
phosphate  on  firebrick  at  62°  and  a  Ha  flow  rata  of  9$  ial./6ilnuto  Indleatod  a 
purity  of  By%» 

2 , 3-Jlneyi:irl-2-haxana .  In  elmilar  faahioa  tha  Orljpurd  reagont  of 
2-bramopentano  ^j«3  nolo)  waa  proparad  In  1  Utor  of  nohydrona  athor  In  a 
nitrogen  atmospharo.  After  addition  of  3.3  nolaa  of  aeatena  undar  naximni  re¬ 
flux  conditlona,  tha  reaction  nixtuva  waa  daecegioaed  with  conoantratad  ammoBliai 
dilorlda  aolutlon.  Kractlonatlon  of  tha  dried  athar  attract  afforded  a  it09f 
/laid  of  tha  earblnol,  which  waa  not  iaelatad  but  directly  proeaaaad  with  Iodine, 
niatlllatxon  of  tha  dehydration  product  over  aodlua  natal  hrough  a  2it*  Fcdblalnlak 
eoluwn  gawe  a  fi'cctlon,  b.p.  11$-1I9°  ($}  In  $3%  yitld.  Tha  TFC  analysia  of  this 
olefin  through  a  12 '  colwn  containing  3C$  trieraayl  pboaphato  on  flrabrle’.;  at 
82°  and  a  He  flow  rate  of  9$  nl./wlnuta  indiratad  a  purliy  of  SyjS. 

1 , 2-Dlnethylcyclopeat-na.  One  nola  of  2HMthylcgrelopantaiwna,  b.p* 
Iit0-llt2'',  was  conyertM  to  tha  corresponding  caibinol  by  tha  action  of  the 
netliyl  Orlgnnrd  reagent.  The  dj,-lad,  fractionated  product  ballad  at  60.66°  (6) 
at  20  ns.  Ths  o'efin  waa  procured  in  8$%  yield  by  refluxing  tha  alcohol  with 
a  trace  of  iodine  for  two  houra  and  collecting  the  products  by  distillation. 

The  fraction  of  cyclealkene  boiling  at  103-lC^  (5)  was  eollactsd  and  subjected 
to  VPC  anslysla  which  Indicated  that  tha  olafln  waa  91%  pure. 

1 , ? -Dijif thylgyclohaaona .  Tba  nethyl  Orlgnard  raagwit  waa  prapatwd  in 
tha  usual  manner  and  reacted  with  6.3  nolaa  of  2-a»thyl-cyol(d)axanona  in  two 
liters  of  athar.  Tha  resulting  carbln^l,  obtained  In  b9%  yield,  waa  distilled, 
bip.  106-109°  (100  mm.),  and  then  dehydrated  with  a  cstalytlo  aemt  of  iodine* 
Oci^dration  began  at  100°  and  tha  tamparatura  waa  ao  a  djustad  that  tha  olafln 
dlstillod  over  gradually.  Aftar  waahlng  tha  oyolcwlkana  with  thiosulfate  so¬ 
lution  and  dxyl^  with  nagnaaiun  anlfata,  it  waa  rofluxed  with  aedrxxu  aetsl  x.-r 
an  hour.  Olatlllutlon  afferded  $03  grana  (7i»S%  yield)  of  product  bwill.v  at 
13$-137°  ($)  at  7$$  mm.  Tha  purity  of  die  1,2-dljiethyleyclohexoaa  was  asss:;..«':' 
bv  7PC  analyela  aid  found  ao  be  VO^. 


Thi’t«"Step  Aairldlno  Syntl^eaAa 


1.  naoronltro!!nt.ion.i  'Hie  follot^ing  tjenaral  proceuura  for  the  «d* 
ditiOR  of  nitTrooyl  "cWorldc  to  oloflns  appeared  ::io«t  auttablo.  A  well-stl.rrtid 
aolatlon  of  0.1  taole  of  tho  olofln  In  200  ml.  of  absoluta  nothanol  ooolod  in 

a  dty  lco-ac«tono  bath,  wan  grodnall^  oaturated  with  the  otolchiometrio  quanti¬ 
ty  of  nltrosyl  chloride  e?.Sv  Tn  the  <Mur9c  of  the  addition,  he  colc.lesa  re* 
action  nlxturo  bocaao  Intenaoly  bluo  and  tho  nl.trooo  chlorvda  derlvotiva  par¬ 
tially  aapiiratcd  from  colubion.  After  the  addition  of  the  gsneous  nitroayl 
ohlorlda  waa  eompl.atet  tho  cooling  bath  was  roKoved  and  the  mixture  was  rapidly 
atirrad  for  one  hour.  Cautlaualy,  the  deep-blue  colored  lolution  was  poured 
Into  SOO  ml.  of  ieo  water.  The  nltroso  chloride  Ifiwiedintcly  separated  a 
blna  solid  which  was  v.aehed  twice  with  water,  filtei^ed.  and  air-dried.  Quanti¬ 
tative  ylelda  were  obtained  in  all  caaee.  for  illustration,  tho  nitroso  chloride 
of  1.2-dla«thylcyclohrx«ne.  m.pw  70-79®>  was  charactorisod.,  Anal,  calcd-  for 
CgHjijNOCliCl,  20.19S.  Poundi  Cl,  20.29ie«. 

2.  Reduction  by  SnClgtHCl  coniblnationo  After  conducting  the  reduction 
reaction  under  a  variety  of  e^erlnonta'l  conditions,  the  follow.lng  procedure 
appeared  to  give  the  best  results.  A  solution  of  90  grama  (O.h  mole)  of 
stannons  chloride  dlhydrate  (Reagont  grade.,  J'lsher  certified,  ACS)  in  120  ml. 
of  concentrated  hydrochloric  acid  (12  N)  In  a  ?0D  nl.  Erlenmeyer  flask  was  me- 
ehanlcally  atirrad  In  an  Ice  bath  until  a  temperature  of  was  obtained.  At 
this  point,  the  ice  bath  was  removed  and  a  0*1  mole  of  the  nlt»*0B0  chloride 
derivative  was  added  In  cue  portion  (addition  In  several  portions  produces  lower 
yields).  In  genorel,  the  reaction  teniperatwre  rooe  to  50-70®  in  the  course  of 
an  hour,  aceomnanlcd  by  the  grr.d^ial  dioapp-'oranca  of  tho  blue  nltroeo  chlorido. 
V/ltJiln  two  houica  the  temperature  bognn  to  dscrcane  find  tho  clear  solution  was 
allowed  to  cool  to  room  temperataro. 

'•  Qyo^igatlon.  The  coolad  ronotion  mixture  derived  from  the  shove 
reduction  was  oafa/uliy  added  in  a  di'opwico  riannor  to  a  rapidly  stirred  ice;- 
ooolod  solution  of  2  moles  of  "odiwi  hydroxide  in  a  liter  of  water.  The  ba6i>- 
fled  mixtui's  was  transferred  into  a  >-liter  thrse-neckod  flask  equipped  with 
theinnometer,  atirrer,'  and  condenser  set  for  doimward  distillation  into  fi,n  ico- 
cooled  receiver  containlne  a  few  sodium  hydroxide  pellote.  Steam  distillation 
of  the  reaction  mixture  woo  continued  until  the  distillate  iwiicated  no  basic 
reaction  to  litmus.  The  strongly  btslfied  distillate  wns  extracted  twice  wjth 
other  and  the  resulting  eUicrtnl  noliition  was  dried  over  sodium.  After  strip”- if.': 
off  tho  et!ior,  tho  iftinc  derivative  v.-®.:*  r«iflo;ed  w'tli  sodivim  fr.  n  ht-ur 

and  oubsequently  twi.ee  dletllled  through  a  Pt"  PoclbiBlniak  calumn..  The  yield?!,, 
physical  ca'.atanta,  and  elemental  armlysin  for  the  aairidlne  analogs  syritiiesiUod 
are  presented  in  Tables  1  and  2. 

Charaeteriantlon  of  9«chT,oix<«-10i.d«eelirie»idneo  The  elemental  catalysis 
of  the  9“chVoro'-.10-'rtecallRam.{ne  KcT'Seflvod  friwT^K*  hydrochloric  scld-catalyzad 
ring  opening  of  the  alleged  9<10-iniinodecelln  earlier  reported  (1)  l..'.ds  m«.pp<'<.  t 
to  the  proposed  imlne  atnwture  for  this  oompouitd.  Anal,  ealod.  for  Cjlo^IioNOI;; * 
Cl,  71*63^.  Foundt  Cl.  A  duplicate  exporimenu  to  prepare  the  9,IC  ■ 

Ininodeoelin  fro?4  the  correspoTifUwv  olefin...  9,l'>'Ootalin,  ua®  undertaken  in 
this  present  reoosroh.  Diotillatler.  of  the  alleKc.d  arlrldino  Affordoa  1<!„2 
praam  of  n  fraction  boiling  nt  0!(»R5®  et  *»'  mm.  Tho  iritarod  spectra  of  t>',ls 
pvoduet  dlsol'‘.'5f}d  a  band  at  32li5  o«"^  os  obfjonred  pruvloij.»ly,  and  mey  be  ascribed 
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TABLE  1 


a  'i  1 

yields  are  calcitl^ted  on  the  b&ele  o*  p^ire  olefin  eeplo^iwl  in  e 
0.1  nolt»  reaction. 


% 


Compoiaid 


2  »2 , 3.1 3-Tctra.in'c,hy!I. 
ar-iridinc 

2 , 2  ^  3 -'i  riras''diyl- 
3-etbylczirj  oina 

3-propy'J.nEividin3 

1 , 2-D’i.KS  tl'iyl.cyclo  - 
hoxcuiffijna 

1  f  2-DiiT;ethylcy  c7.o- 
pcn'icriliiijne 


9h 


TAB-B  2 

SIS  0?  2,2,3,3*-TFA?./^\L:'nrL- 
riZRIDIMSS 


Calc'd, 

Po\Jnd 

C 

1 

K 

! 

C 

H 

72*66 

i 

5.3.21 

1 

72.96 

IS.liY 

Vn.27 

13*36 

7U.U7 

13.35 

7^,^2 

13*17 

75.U6 

13.67 

76  'n 

1?.,07 

11.37 

75.61 

1 

11*78  1 

75,31 

11.76 

9l> 

to  th«  K-H  Btrotch  jTrBquenqy.  The  spectrel  and  analjrtlcal  data  present  son~^ 
vlQci.ng  arguments  in  favor  of  the  prop>:<asd  stm;t!:m  fcr  iMs  dcxivatf.Ta. 

Preparation  of  W^loiro-  and  S.H-<U.ohlo^t-brtarJUattne»  An  ad^tatlor 
of  tho  procedure  reporiad  by  KLagaa  (?;  was  enplc^aii  iwihm  li^thesis  of  both 
ehloroamlnea.  To  a  solution  of  73->  graas  (1  nolo)  of  t^hutgrlxstne  In  200  al. 
of  ice  water  contained  in  a  5>liter  flask  equipped  with  stirreri  thrrrjcawter, 
and  dropping  funnel,  and  cooled  in  an  lce*bath  was  added  in  a  dropKlae  Banner 
l.li2  kgm.  of  a.SSi  sodium  hypochlorite  solution  ("CIoiok*)  at  euch  a  rate  oj 
to  naintai.ri  the  teapcrature  below  10^*  After  addition  was  ocapletef  the 
ice  bath  was  removed  and  the  reaction  nlstura  was  stlrrsd  for  ons  hour.  Aftsr 
extracting  the  latter  with  three  100  b1«  aliqnota  of  eifaor,  the  oonblned  ali¬ 
quots  were  dried  over  ealoita  chloride.  The  ether  was  stripped  off,  md  dis¬ 
tillation  of  the  residue  at  70  oa.  afforded  a  colorless  liquid  (63f  yield) 
boiling  at  39-bO°.  ‘I'be  nonoehloroaains  is  extreasljr  laerlaatoi3r  and  pjasesaes 
a  stifling  odor,  The  synthesis  of  the  NfM-dlchloro-t-hutylsalna  is  aocompUahod 
in  the  axAot  sam  manner  except  that  two  equivalents  of  tho  sodium  hypochlorite 
are  employed.  The  characterizction  of  tho  H,N-dichlcro  analog  is  pending. 

Syntheeia  of  potaaalim  ^butoxide.  The  procsdsrs  used  is  easentlclljr 
that  reported  by  von  boering  anc^  Hoffmatm  (8),  The  rsaetion  of  potassloa  aatal, 
1,5  moles,  and  2  liters  of  anhydrous  t-butanol  was  canlsd  out  In  a  3-lit0r 
three-necked  flask  equipoed  with  reflux  oondsnaex'  (uoootsd  with  a  drying  ttd>e} 
with  rapid  stirring  at  reflux  tmparatnro,  VIhen  all  of  the  potasslTn  methl  had 
teaoted,  the  stirred  solution  was  concentrated  by  dlstillatloa  and  finally  vacuum 
dried  at  l6Q^  for  five  ho'Jrs*  ^s  dxy  potasnltai  t-butoxide  was  assayed  with 
standard  hydrochloric  acid  (1  H)  and  stored  in  a  dasiceator. 


The  gasa-oatalvTiad  Heection  of 
H  4ihloro-t-butylanine 

1.  P-eactlon  in  n-pe~tane  at  3^.  To  a  mlxinrs  of  22,5  grams  (0-2  vcleo; 
of  KOeWej  in  5<)  ml.  o'i'  n-penrans  in  a  ml,  tbree-nseksd  flask  fitted  with 
thermometer,  reflux  condenser  (mounted  with  a  drying  tnbe),  and  dropping  funnel, 
was  odded  in  a  dropwlse  manner,  10.8  grams  (0.1  mole)  of  the  H-ehloroaaLie  in 

25  ml.  of  n~pcntane  at  such  a  rate  as  to  maintain  aild  refluxing.  After  tho  ad¬ 
dition  vao  complete,  stirring  was  contlnusd  for  fifteen  ainutes.  The  oondsnser 
iraa  set  for  downward  dictillatlon  and  the  volatile  prodsata  and  solvent  were  dis¬ 
tilled  out  of  the  reaction  flask  and  subseqv.ently  frsetiauted  thro,"*,  a  Sh" 
tantaluB  spiral  coluan.  Five  fractions,  Vr.p.  32>35^  (5*2  c.),  35-3b"  (39«5  a.), 
38-UU<’  (3,2  g.},  69-810  (3.3  g.),  and  8l-!33<’  (lu3  g.)  «sre  collected,  labelled 
and  submitted  for  Infrared  anslysia.  For  coaparison  perposea,  toe  spectra  .'or 
t-butanol,  t-butylaulna,  ai.d  2,2-dia8u^lasiridlne  were  also  taken. 

2.  ReyUon  in  n-yttme  at  55^.  Tn  the  saae  aamer  as  desorlbed  abovoj 
the  reaction'*of  0.2  sole  of  Vbutoxlde  with  0.1  mols  of  i-chloroax'''^  wss  canrlsd 
out  at  55^  in  ootane.  The  anhydrous  resotloi'.  alxture  «m  frscUoaaued  «nd  fxve 
fraotlons.  b.p.  Jil-lih®  {2.8  g.),  68-72®  (2,5  g.).  73-8oP  (5.5  g.),  79-81®  (fH  g.), 
and  81-83®  (3.5  g.)  were  obtained,  and  speotrally  enalysad. 

3.  In  cyclohexw  at  10®  end  35®.  Ih  an  analsfeoas  fashion,  the  reaotiou 
of  0.8  Bole  ot  t-tiutoxlde  witii  <).5  moles  af  N-d>lsrwaai«  vas  conducted  In  123 


of  oydohexem;  at  10°  mvJ.  3!?°.  In  tlAuse  c-.cpBrSmnnts  our  in-icreutu  i;ere 
focused  on  tiis  addition  product  the  olef  'r.  I'nd  an  riiediary  I'.c^C-Ni 

species^  Ths  N-t-but^'l  nairidino  analog,  if  pi'setnt,  would  jppear  in  the'  higher 
holling  fraction  naiiwly,  above  100°.  Diotillation  of  thes  rooction  mi:’.tur'»  did 
not  afford  any  fractions  boiling  r.bovo  91®» 

U.  In  \)antana  at  10°.  Hin  x  iaction  of  OeiH  nole  oj?  t-butoxi*''ij  with 
the  H-chloroamlno  (o,!'  "able )  3.n  50  ail,  of  pentane  was  carx-ied  oxit  ao  deoCilbecl 
abo'iro,  except  that  the  x-oaction  raixtui-o  wae  hydrolyssed  with  an  excocn  of  P.  U 
hydrochloric  acid,  ‘fiift  orgcnic  Inyc-r  was  driec,  fi'setionated,  end  cpcctral^^. 
snalysecl.  The  aqueoun  Iwyer  wes  fr.actionated  (lower  boiling  cuta  worr:  .'spectral¬ 
ly  analyzed)  and  the.  roeidOE  subsequently  svapo.r?.tf;d  to  dryn«an  on  ;  Hinco 
evaporato'i',  la  tho  event  the  K-chlcrc-t-bt;tylrc^:i.no  hr-d  '.:ndoraone  a  Stieglitz 
rearrangenent  -bo  I'f-isopropylideno  methylaMine,  tiia  scttylamine  produced  under 
•the  acid  hydrolysis  conditions  would  bo  contained  in  the  residue  as  'the  hydro¬ 
chloride  salt.  With  tliie  in  mind,  -the  residue  v/as  treated  with  concentrated 
alkali  solution  in  a  fl^sk  connected  to  a  2U"  tantedua  spiral  distilling  colunno 
In  this  er'.perlnontal  design,  only  tho  volatile  neUiylfcinlnc,  b.pc  -6®,  would  bo 
able  to  bypass  the  condenser  at  'the  head  of  the  columir  The  volatile  product 
was  directed  into  an  ether  solution  of  picric  aoid  con'tained  in  the  receiver 
flask.  A  significant  quantity  cf  yellow  precipitate  fomed  in  the  course  of 
the  reaction.  After  the  evolution  of  the  gas  ceased,  the  product  was  filtered, 
air-dried,  and  weighed;  Tne  metlxylaraine  plcrate  derivative  (31?I  yield)  indi¬ 
cated  a  m.p*  of  213-211i®  after  tvfo  recryotalllzatlona  from  ethanol.-  The  Jf-.pn 
reported  for  the  luathylffiP-toe  picrule  is  215®  (9)«  Addition’iO.  work  on  this 
problea?  Is  in  progrcs.s« 

Preparation  of  Raney  nickel  cat.ily8to  The  procedure  reported  by  Kozingo 
(10)  WM  eicployed  in  the  follwing  synthesis,  A  oolution  of  380  grams  of  odim 
hj'drcx'ido  in  1-5  litero  of  diotiiled  water  contained  in  a  L-llter  beaker  ecuippea 
with  an  efficient  stii’rer  irao  cooled  in  an  ice  b.ath  to  10®  and  3  kgn.  of  NiAl2' 
alloy  waa  added  at  such  a  rate  as  to  maintain  the  reaction  temperature  bslew  25®- 
When  all  of  the  alloy  wae  added,  stii-r'^ng  waa  ceased  and  th*  contents  wax's  al- 
lowed  to  coma  to  room  temperature.  After  hydrogen  evolution  subsided,  the  re¬ 
action  mixture  t-ras  allowed  to  remain  on  the  o  tenia  ba'th  until  hydrogen  evolution 
ceased.  The  liquid  was  decanted,  fresh  distilled  xrater  was  added  and  the  nickel 
was  suspended  'In  the  aqueous  solution.  Once  the  nickel  oe tiled,  the  solution  'was 
again  decanted  and  the  residue  is  transferred  to  a  2-liter  beaker.  A  solution 
of  50  grams  of  NnOH  In  500  ml*  of  distilled  water  is  added  and  the  catsl;i'St  Jx; 
suspended,  allowed  to  octtle  end  the  alkali  solution  Is  decanted.  Ti-  .ickel  is 
washed  in  this  manner  about  thirty  times  (uutil  the  washings  ari*  neutral  to 
litmus)  and  subsequently  stored  under  distii?.ed  water. 


XlnetiCB 

Reagents.  Methanol  (Baker  and  Adamaon  sbaolute  methanol)  w."  anploytt 
as  solvehli  in  all  cases.  Reagent  grude  chemicals  which  included  thi'«xroa  ’ 
(Mathsson  Company,  m.p,  176-173°)  and  julfurlo  acid  wore  employed  without  fn."  .h.i»r 
purification.  The  ACT  salt. , /? , /S-'fcrJmethyl  A3T  was  wcxvatellis^.d  thi'4 
times  from  equeoue  sthanollo  sulfuric  acid.  Tho  ?,?,3-trin!9t.hylfc«lrldli.o  was 
syntheetzed  via  tho  Wenker  method,  dried  ovor  aodl'um  r.atal  and  distilled  iimnedi- 
ately  before  scries  of  kinetic  xnma. 
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Spectraohotoiaetrle  r>i*oeedui";  in  kineti*  rai5-  All  apparotua  and 
-wans  nsed  in  the  preparation  oi' aolutloru  e'nplo/ed  in  the  ratn  e^tparlKenta  were 
treated  with  cleaning  eoltrclon  rlnaed  sereral  tlaaa  with  tap  wcter  end  t>ix  t.'*js;8 
vith  distilled  water  and  finally  dried  in  an  oven  Bslntr-lned  110**. 

Spectrophotcnetric  neaauraKecta  ware  made  with  a  Beskmen  ai>actro!ahoto- 
ueter,  nodal  DO,  equipped  with  a  water-cooled  h/drogen  source.  7ne  ebaorhanc« 
readings  fo>'  thiourea  ware  taken  at  ths  maxie'W  smsltlvlt/  rettjOig  for  tho 
Instrunenl. 

Kethanolic  solutions  of  rhiourea  vara  prepared  In  the  fcllowing  Banner^ 
the  required  sicunt  of  x.hiourea  vas  weighed  out  and  transferred  to  a  clecn,  dry 
25  nl.  volmetric  flask.  About  10  nl.  of  nathsnol  were  added  to  the  flask  which 
Wi.'S  then  imaersed  i-'  vi  ice  bath.  7o  the  cooled  solution  was  added  vuiy  gradtially 
^  .-aeasiircd  volume  of  concentrated  sulfuric  acid.  The  flask  contents  wem  diluted 
to  ilia  mark.  The  mothaiiolic  solutions  of  the  irdns  were  prepared  b7  adding  a 
slight  excess  of  the  atlrldlne  with  a  calibrated  i^inga  to  a  tared  10  ml-  volu¬ 
metric  flaskc  Evaporatlcn  of  the  slight  excess  of  imlne was  accoapllahed  by  per¬ 
mitting  a  niild  Jet  of  dry  nitrogen  to  flow  over  the  orifice  of  tJie  flask.  Widiln 
a  few  minutes,  tlie  exact  weight  of  the  Imlne  was  obtained  end  flask  conlente  were 
l.iK'^rdiatolj'  diluted  with  tnethanol  to  the  aerk. 

A  100  ml.  vclu.-.etrlc  flesk  containing  methanol  war  equilibrated  in  e 
Wrttcr  thsrr.cotat  mini.ai.nti  at  2h.55°  -  <0U®..  Ihe  solvent  volume  was  adjusted 
to  the  mark  and  then  on  annropriats  volwie  of  methanol  was  withdrawn  with  a 
transfer  pipotta  malntcinod  et  reacticn  tfsnperature.  The  thlonreu  solution  was 
adritued  into  the  flask  in  the  same  manner.  Allowing  tan  ninutea  fer  temperature 
ecjuilibration,  the  r  action  was  ini  tinted  by  3Brefully  pipetting  the  imlne  eo- 
lution  Into  ths  flask  containing  the  thiourea  to  give  a  final  volume  of  1''0  mlo 
The  half-way  tice  of  the  Imlne  delivery  was  considered  as  tlie  atartlrg  tine  for 
the  reaction,  ihe  time  require  for  thorough  nlxJo?  of  th»  flask  conl;snt3  ~x;’ 
about  10  eeconiis.  Aliqvfots  'if  the  r.  action  mixture  were  quickly  withdrawn  wt 
predetermined  times.  A  calibrated'  transfer  pipette  was  brought  quickly  to  the 
mark  a  nd  rapidly  discharged  into  e  volimietric  flask  <»nt»i:ilng  methanol  at  2cP» 

It.  all  c.^ses  the  dilution  range  used  was  effective  in  queuelilng  the  reaction  aa 
indicated  by  'Jie  fact  iiat  the  absorbance  of  the  diluted  otanple  remained  constant 
over  6  h-hour  period.  The  elapsed  time  fer  csRpllng  -.laa  less  than  fifteen  seconds. 
A  small  volume  cf  the  quenched  solution  was  transferred  into  a  clean  silica  csl". 
which  was  rlraed  about  6-10  tomes  with  the  quenched  sel’ctlc’*  end  pr-.  -oualy  nr.-, 
reeled  against  a  reference  cell.  The  concentration  of  the  quer»Jied  sointfen  was 
predetenalned  in  order  to  effect  m?98urF:asnt8  in  the  most  favorrhle  transml  ttnney 
range.  Ihe  sample  cell  and  the  rofer».ic9  cell  containing  solvent  were  carefully 
oriented  in  the  cell  holder  and  then  inserted  into  Ihe  cell  coeipartRent  of  ths 
DU  spectrophotometer.  The  temperature  of  the  cell  compartment  was  maintained  at 
20®  by  circulating  water  from  a  themoatated  bat:  throng  therE.a3pacer8  arraiged 
on  each  aide  of  the  cell  conoai'tsent.  Absorbance  readings  were  gu..'.:rally  tt..en 
at  10-1?  minute  ir.ter.Tls  until  50%  coicpletion  of  reeetlon^ 

Ultraviolet  abeorp*!''^  char ecterts tice  of  oC,  ^-trlmethy?  aET  PQ;!. 
"riplicatc  experiments  to  "deteraine  the  molar  abscrutlvlty  rf  ^ii^-trinsUiyl 
AUT  sq,  (  G  •  1300),  revealed  that  this  AbT  derivntd'JO  eonformsd  atrlccly  to 
cser's  let*  Sur  the  range  of  concentrations  cnplo/ud  in  these  eseporinents  (ca. 
lO'*^  to  lO’*  ii),  the  o-.-.rption  at  ?i«l  mp  being  emplogred.  Orephleal  treatment 


of  absorbance  va,  concentratlcin  for  Si/l'S  AET  8?Tt  is  ('•upictsd  la  W.gui.i'  !♦ 
Absorbar.ce  too  acucentration  plots  luHrata  r.o  interaotios  betviovi  product  wid 
reactant  and  that  the  absorbancies  of  iiilcurec  and  Its  S-elkylatsd  onaln^  cce 
strictly  addltlest  In  obserrlng  the  dlsapnearEnoe  of  tMoureu  vlth  tlKte.  the 
apnarmt  absorbasce  was  converted  o  tiie  true  abooi  bancs  by  o  orrcctln!;  for  the 
contribution  to  the  optical  denelty  by  the  AET  oeltc. 

Klnetlco  of  the  thiourea  -ladne  reectlcn.  The  reeiiics  of  the  kiaBtlo 
vor'e  have  ^oon  treated  ntii  Uia  ososipticn  th-T  \he  laiino-thlorrca  interaction 
waa  second  order  in  character*  When  the  rate  dsta  obtained  f i-ca  the  epectro- 
photoBotrie  neasureoents  were  plotted  as  e  function  of 

Equations  1  and  2  ^  log  ||^  <«■“»> 

egalnat  tlaa  t,  wt«ero  a  is  tho  molar  concentration  of  tiiiourea^  b  la  the  solar 
concentration  of  the  ladna,  and  x  is  the  nuaber  of  noles  of  thiourea  that  has 
reacted  in  tiae  t,  atral^t  lines  were  obtain  in  all  Instencee  indicstlTa  of 
atrict  second  order  kinetics*  Hie  specific  rate  conatiuits  were  detsralned 
graphically  and  by  the  appropriate  binolacolar  equations  from  the  data  covering 
about  reaction,  figure  2  and  Table  3  illustrate  the  kinetic  analysis  of 
the  reaction  of  2,2,3-'3'iaethylasii‘ldlne  with  thiourea*  In  general,  uoet  rate 
constants  were  eetinated  with  a  very  good  degree  of  precision  with  t!:s  average 
davletlon  being  lit  the  ordet  of  4«3;(  for  the  MK&n  and  reproduoible  to  the  extent 
of  1-2J{* 


b.iacusBlo’i 

Earlier  work  on  our  new  ailjridine  synthesis  culsilnated  in  the  prepsi'c+is'- 
of  tho  hitherto  unknown  2,2,'^,3'tetrmethylnairicU.ne.  In  this  present  ressnrch 
we  atteiqited  to  denonstrate  die  general  application  of  ttils  synthetic  procedure 
to  both  Aliphatic  and  allcyelic  tetre-substituted  olefins*  For  this  purpose,  a 
aeries  of  proto-type  alhcnes,  2, 3>dhasthyl-2-pentene,  2,3-dliaethyl-2-hexea«, 
l,2-<liiiiethylcvclop?iitene  and  l,2-dlmethylcyclohe>:sne  were  (.z-epared  via  the  olaesi- 
oal  method  of  Chavanne  as  described  in  the  Experliaental  section  of  this  r  snort* 
Good  rsnultg  vsrs  obtained  la  the  synthesis  of  ths  Intensedisiy  carblnols  derived 
from  2-Bothyleyclohexancne  and  2-»ettflrlcyclopcnt?j>ons  end  tho  Bethv'  'lyiard  rt 
agent.  On  the  other  hend,  the  condensation  of  acetone  i/ith  2-bromobntora  and 
2-braiaopcntuns  Orlgnard  reagents  gave  poor  yields  of  the  desiisd  carblnols.  The 
latter  reaulta  could  be  oecribod  to  a  elgniflccntly  conpetltive  leduotlon  re¬ 
action  and  illustrates  the  doslr^ility  of  eoploylng  ths  netlqrl  Orlgnaid.  reagent 
when  optional  synthetic  pathways  exist*  The  dehydration  of  the  aloobola  was 
aceeapliahed  with  a  entalytia  aaomt  of  iodine  and  the  resulting  olefins  ware 
drlsdj  rafluxad  with  sodluai  aetal,  and  fractionated.  Vapor  phase  '  ..oastog;**.iigr 
(VPC)  was  aasployad  to  assay  the  purity  of  the  distilled  alkenee.  Ip  general,  the 
TFC  anailysis  indlcstsd  thee  ths  olsfins  were  70--91S  pure  (see  Exparinestai) 

The  chloronltroeatioa  of  the  olkaBce  proceeded  anootlil^  and  in  quantl  ti*- 
tlve  yields  et  acetone-dry  ice  tMqperatures*  Froa  pi'cvlaua  oiqiarlence^  the  re- 
dnotloa  of  tne  nl.troeo  chlorides  wes  best  affactert  by  the  edditicn  of  the  nltrosn 
ehlorldee  In  one  porti'V'  to  m  excess  of  stenrxus  chloride  :eonesntrated  aci 
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KINKTIC  DATA*  FOR  THE  REACTION  OP  THIOUREA -wriH 
2,2,>.‘i-RIHEI'imZ1HIi)IHj.>ui  ICM  HI 
METHANOL  AT  2h.$^  C. 
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0 
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0.50C 

20 

l,lh  ! 

.050 

.h5o 

.007U 

6o 

.090 

.lao 

.0073 
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0,97 

.125 

.375 

.007it 

120 

0,90 

.155 

.3h5 

.0075 

_ _ ...J 

Mean 

,oci7t  i  .0001 

[ 

moen  v«luc  for  Ha  obtained  I'ron  Idsetic  (Uta  vh«n 
(thlouraa)  ■  0,5  M  nnd  (imine)  “  0.6  M  io  .0075  -  .0002  liter 
colo'*^  nin''^-.  Tac  f.  lal  neaii  7alus  for  kj  eon^tuted  form  the 
avcrspo  vslvoa  .'n  livo  exparinontel  runs  is  .0075  >  .0002  liter 
Kolo“i  min'*-. 


^(x)  denotes  the  nisaber  of  icoles  of  thioorea  in  oech 
liter  reacting  in  the  intorvol  of  tlse  t.  for  these  date  (x) 
is  the  mean  dorived  fraa  four  kineti-;  runa  ct  the  eoneentrs*'  > 
range  specified. 


ftolutioo  BaintniniUB  the  reaction  tea-j^erstwre  »:  5C-70'‘  {confluctiiig  the  re¬ 
duction  at  Ice-bath  to.’speraturea  tended  to  dininlah  ti-a  ol  t  he  letima) . 

The  base-catoljrzed  e^cllaation  reaction  waa  atral[^tforHard. 

analogs,  which  were  obtained  in  liSltH  yields  (see  Table  1)  basod  on  the  SBount 

of  pure  alkane  eeiployed,  were  dried  ewer  aodiun  oatcl,  and  twice  distilled. 

The  yields,  physical  constants^  and  elemental  analoraia  are  IXluatratad  in 
Tablea  1  and  2.  The  Infrared  spectra  of  th.)  aliphatic  ialnee.  2.2,3,3-tetrn- 
nethyl-,  2,2,3-triaetlorl-3-ethyl-»  end  2,2, 3-trteethiyl-3-propylstlridlne  were 
characterized  by  an  abaorption  peak  at  3200  ca'**  arising  trm  tha  N-H  stretch¬ 
ing  frequency.  In  the  ease  of  the  blcyclie  inlnea,  l,2-diMtnyleyc}opantentiidne 
(li^-dimethyl-^-azsbleyola  (3.1.0)  hexane)  and  1,2-dlnisthyloyolobMcenljaln*  (l,u  < 
diaethyl-7-azabiqyelo  (ii.l>0)  heptane),  the  N-H  atretehlng  iband  wts  slightly 
shifted  to  higher  fraouonqy  (322$  cm’*')  tfhlch  r<i^t  be  anticipated  ou  the  baaia 
of  the  larger  Interrrl  strain  inhermt  in  these  bicycUc  eysteois.  Ita  addition, 
the  apectra  for  these  bicyollc  analogs  are  strikingly  slzdLlar  to  tha  Infrared 
spectra  reported  by  fanta  (11)  for  the  lower  honologs,  namely  eyoiohesenlmina 
and  eyclopenteniaine,  idiich  also  exhibit  an  N-H  boid  at  3225!  osT^,  Tha  NKIt 
spectra  of  tetranethylszlridlne  reveals  a  single  resonance  peak  at  217  epa 
(relative  to  benzene  ao  the  external  reference  at  io  uegacyblet)  nicely  lllu- 
atrating  tha  anticipated  equlvaliscy  of  tha  four  methyl  groups  on  the  aziridine 
ring.  The  NHR  apectra  for  the  other  aliphetio  and  bicyelic  inlnea  are  con¬ 
sistent  with  expoctatlors.  Ihe  five  Ininea  prepared  will  bo  converted  to  tha 
corresponding  AST  snsloga  in  oeojunetiaawlth  the  kinetic  and  radioprotection 
studies  being  pursued  in  thle  lAoratoty. 

Recently,  interest  has  been  stinalated  in  developirg  s  gsnortl  lynthetio 
aporoaeh  to  aslridlnea  involving  the  facile  addition  of  a  univalent  nltrogan 
species  ("nltrene")  to  an  olefin  analogous  to  the  reaction  of  earbeoes  with 
alkcnes.  For  thle  purpose,  we  chose  to  explore  as  a  veridng  zsodal  the 
laoicV  which  w  att^ted  to  generate  from  the  baac-catclysed  reaction  of'N> 
chloro-t-butylMnlna«  Da  light  of  the  Inaertlon  resetien  of  the  related 
apccloa  vhlch  affords  l,l-dl7  thyl^cxopropana,  and  tha  rearran^ent  of  diostiyV* 
phenylncthyl  monochloroamlns,  Il(^;ft-NHC1,  to  N-iappropylid«ae  anlllna  (Stlaglits 
rear  ran  gsoient) ,  va  initially  investigated  the  reaction  of  N-chloro-t-butylaiinc 
vlth  potasciua  t-butoxlde  In  an  inert  solvent  at  various  tenperaturea  in  lha  ab¬ 
sence  of  on  olefin.  In  theae  axparlaents,  which  were  carried  out  in  either 
pentane  or  octane,  en  exotliarmic  reaction  occurred  when  the  N-ohloroaaine  was 
carefully  added  to  a  rapidly  stirred  excess  of  ti.bntoxlde.  The  infrared  spacU<^ 
of  the  fractionated  reaction  mixture  disclosed  tha  presence  cf 
t-buiyl  alcohol  and  solvent  (Idsntification  was  effacted  b>  a  oouparlson  vith 
reference  apectra)  md  also  an  dsaorption  band  at  1665  oB't  (6.01  u)  which  »;-■> 
pears  to  be  cbarscteHstle  for  the  -C>M  vtreteh  frecpien^  observed  fbr  Isdnea. 
Thia  finding  suggested  that  a  reerrengeaiSBt  had  ccourrad  and  may  be  dop&eted  am 
follows I 


B  •  potasslai  t-bobulda 


lb  a  subsaqwnt  ooeperiR-  t,  the  taydrolyzsd  reaoUoa  mixtnre  was  earefdlly  pro- 
OMsed  (see  Gxperiatntal.)  and  asthylaKina  was  icolated  os  the  plerato  darlvativo 


p  in  31<  yields  SpecVn't  nmslysla  ai’  th®  fractloriatwi  organic 

and  oquocu®  ph-.i~6*a  irevtialed  absorption  bemda  ®t  1j66^  cm''*’  (iralne)  and  1710  aa 
(ketone).  TSiea®  dkt*  appear  ta  prwlda  »  conrlaolne  «rga»ent  Ir  fator  o?  the 
formation  of  a  Stieglltr,  nfcarrattiie.T*nt  product.  ConflnMto.v  werk  is  now  -ui 
progr®ss. 


In  two  aubsetpiont  •xpariaont®  the  t-batoxid9>oatal7ssd  reaction  of  tho 
N->;hloro»^t-butorla3iln«  waa  condnetad  in  eyclohexen®  at  10**  and  55®  in  order  to 
test  the  possibility  of  an  addition  reaction,  '.•araful  fractionation  of  the  re¬ 
action  Blktore  g-iva  no  evidence  of  an  addition  product  in  eitho**  instmoe.  Itda 
I'L'cction  ulll  be  repeated  in  order  tp  de.emlne  whether  addition  could  be  ef- 
fcctod  with  a  mors  nucleophilic  elkene  as  tetraiasthylctJ^/lena.  It  is  interest¬ 
ing  to  note  that  the  base-catalyied  reootion  of  the  didiloroaaino,  H,K-dlchloro- 
t-butylaralna.  In  cent  ■?  it  to  the  aionochloroamlno  which  rean’nnged  under  these 
conditions,  pui-sued  a  different  course.  Fractionation  of  tha  reaction  nlzture 
efforded  a  low  boiling  fraction  >dilch  disclosed  abaoiptl-on  bends  at  3^50  and 
1650  ca“^  chsractorlatlc  for  an  olefin .  VPC  analysis  of  this  product  revoal.ed 
the  presence  of  s  coapoimd  having  the  saie  retention  tine  os  isobutylene. 

The  klnotlc  data  com;)iled  in  tlie  present  Inventigation  deaonstratee 
that  the  kinetics  of  the  reaction  of  thiourea  with  ?,2,3-trlReihylai!lridlne  are 
of  the  second  order.  It  la  noteworthy  that  the  ring  opening  in  the  case  of  the 
trlnethyl  analog  pixiceed.:  twice  aa  fast  as  trana-2,3-diMthylssiridino  and  half 
CJ9  fast  aa  the  corresponding  cis"2,3~dljsethyl  Isoowr  on  a  statistical  basis.  It 
appears  that  the  rate  of  SN2  attack  on  the  secondary  carbon  atom  in  this  inatance 
it)  governed  by  two  factors,  namely  an  accelerating  ons  arising  from  eterlc  Inter¬ 
action  between  the  eclipsed  methyl  groupa  and  a  decelerating  factor  caused  by 
the  stabilizing  effect  of  the  tliree  metiyl  groups.  The  iatexsiedlate  rcacU.'9'lty 
of  the  trlExthyl  Imine  could  be  interpreted  aa  a  resultaut  of  tltesa  opporir;; 
fac'iira.  Tho  etr.ilght  lines  ebteined  when  the  rate  date  wax'*  plottsd  according 
to  tha  oonvrntionn.1  rate  laws  fiiaily  establishes  that,  the  enneorrent  lao’thano  liv:' s 
reaction  of  tho  2,2, 3-trlr:r-th;  lasirldiiilum  ion  is  very  slow. 


Suaaary 

Hnte  mzasurements  effected  spectrophotomstrically  Indicate  that  the  rw- 
cction  of  ti'.lourca  '..'iUi  tho  vnoyumetrlcal  imine,  2,2,3'trlmethylasiridlne  is 
second  ords:'  in  character,  lha  elactipphillc  bchijvior  of  2,2,3--tri»,  .  /Jjslrl- 
dins  rolatlx'e  to  tho  els  end  trans  2,3-diflwt!’ylazirtdine  aralogs  are  uiucuseel 
in  terms  of  stcrlc  factors.  The  application  of  our  new  aslrldliie  synthesis  to 
a  series  of  five  stereo-type  tetraalkyl  subatituted  olefins,  both  aliphatic  .'t  d 
alloycilc,  Illustrates  the  versatility  of  this  preparative  route  to  2,2, 3,3- 
tetraalkylaslrldines  in  good  yields.  PrellialnMiy  studies  on  the  bass-eatalyeed 
reactions  of  K-chloro-t-butylamine  and  N,N-dioh7.rr'-t-bulylaelns  axe  report^. 
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Thla  rcpart  ..^-cjina;  In  vlvc  dctojilisatiai  cf  '£T  In  norrial  and 
bepatectomizad  ndco. 

liiKcdi  M  or  '-iltlj’ati.-  ap^licatlno  of  i'oyiltai  To  obtain  infoneatlon 
on  tho  Ue taxi/l c 0 tl on  •.•^e’'oT'  a  ?‘?.3l£itiTTO  iji'Ztoctivo  caipound  sen  ’•ole  of 
the  Hvoj*  In  this  fusictlcu 

5  ****'>{-(* 

A  me '..hod  io  p/Ci-entce*  for  co+d-Batlon  cf  ■tho  dstaadficav-iw;  rate  csf 
2-s«Liroethylieothliir;ini'.ia  tUchlorldb  (aHT)  *  A  study  of  tho  detoosLfleatlon  of 
'.hio  dinf*  roquiroa  rcla'^’.lvoXy  fan  enlaials  rnc'  It  pcsalbl)  to  obtain  re- 

aulto  without  delay ^  T’se  protvidure  can  be  upjiliod  vhere  the  death  endpoint 
is  fairly  fibrept  and  t/horo  tto  tiite  cvistants  of  the  ditJj  actioc  are  ’Jlthia 
a  suitable  ranje  oi*  vrluea.  The  tsra  detcrirication  is  used  hero  to  .iaoliide 
excretion  and  couvcrslon  to  .9  less  t^sdo  r.uxpoisicl . 

In  the  case  of  AS?,  'tho  aacir.tilatod  torsLo  H'’';*!'  ''as  by  in  • 

Jocting  100  lagm.AcPo  (1/  be  j  vei.^ht  of  a  soluUon  contalrdng  10  Rgrs./mlt) 
at  time  zaro  and  again  at  seven  ninutes.  At  fifteen  nin’ites  and  at  each 
lO^nlnute  Ir.tcrval  tneroaf  ter  an  aciount  corrcsponilng  to  50  was 

injected  (0»5:?  body  wai^^ht).  Tho  endpoint  recorded  rvM  the  eactersiori  of 
both  hind  llaibs  in  ccn-'/ulslvo  i-’oveaents,  Caatl’.  occurred  within  a  few  niinatea 
thereafter  nlth  ra'o  excaptifuia.  The  r^^cwrilritsd  lethal  dose  •■re  calcjliited 
by  the  eoi!iev;iiat  arbitrary  asswaiption  tJiat  the  toxic  natarial  la  entering 
linearly,  the  process  baiiig  conpleto  in  the  10- ;i>:riUto  Intam-l,  ?h...  li; 
animal  convulainc  five  ndirates  after  rersl'ri.r.g  a  dose  of  trgTi!.  /Vgm*  worl.d 
be  assigned  ar  accunulated  lethal  dose  eoual  to  the  cus  of  the  a'oimts  i-v- 
Jectod  exclrcivo  of  the  L-^st  one  fil’fs  f  v  o.f  th*;  last  inJecMcsi  rose. 

In  order  to  estirtieto  a  detoxification  rate,  other  ndoe  were  gi.vea  ?50 
«od  allovod  to  remain  at  30®  C,  fur  a  '*xed  period  of  ti.-»  heforo 
being  tested  for  an  aceu.’zulated  lethal  dose.  A3. though  no  normal  or  faitie 
adoe  died  within  three  hours  ftrem  a  single  dose  of  250agm./hgm.  (2.-.?a  of  the 
bod/  weight),  death  of  partially  hepateotondued  antncls  givan  this  doae  occ'.>"i>' 
Hence  throughout  this  rcpc’-t  t>-.  2.?'3  ngm.A'g'a^  doea  was  given  in  fifteen 
ruinates  Just  as  the  firai  2^0  n^..Agr,  were  gi.en  to  obtain  the  accumuijste'i 
toxic  dooe.  In  obtaining  tire  acewnuiated  to-.d.c  Aose  at  a  fixed  time  a.'’ ter  the 
condltlonii;!'  dosej  tho  in.Jentlon  proesduro  was  i.'.or'iXlad  b/  giving  the  oecond 
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100  W0H*/lcj;a.  in  tvo  half  doses  at  f  tvo  nnd  xim  irdiiutss  instead  of  a  ''inglo 
doKS  at  a<rron  inlmitoa  aftw  Kor  th»*  r-'nov  nd  I'-div/  poot  partial 

hopotcctcQQT  tho  first  dons  wiio  ent  in  half*  Tho  p\.  of  tliooo  v.'irJ.atlo’.is 
v&s  to  Insure  that  fow  if  anjr  deaths  Mo\ild  ooenr  Tintxx  ths  iAifij  that  the  in- 
jooti<ms  WJTO  epaoed  ton  nitmtss  "nax*t. 

Injscticns  at  up  to  t^lce  thoi'ate  h'-rAnwts  iatorvale  instead 

of  10-ninuto  intorvalo}  iTicrcascjs  the  accuruulatod  lethal  dose  hy  a  net^liglble 
artount..  Using  2C-aiimte  instor.cl  of  lO-alnuto  intsr’/ela  only  slightly  inovoases 
tho  value.  Using  doaaa  of  fC  cjpn./lrgpi.  avery  7*5  in-tnutes  throughout  also  gave 
about  tho  caso  accumulated  lothal  dose.  Purthannc^C;  the  dose  obta-ined  £i*oq 
a  freshly  neutrellzod  Eoluticn  '!;.s  not  s5.fpiifia«inbly  larger  than  that  obtained 
vsing  uimautralissd  aolutlonn*  Eoubling  tho  concontratlons  hod  little  or  no 
effect.  Water  solutions  a  day  old  were  apparently  tbo  srano  as  freshly  aade 
solutions  "heroas  r..*utr  oil  tied  solut5.c;js  left  ever  night  vers  nearly  tvloe  as 
toxic*  As  tri.ll  be  discussed  later  the  terrporat'.rra  at  uhleh  the  nice  are  kept 
during  the  detoxifioatloii  period  is  Iraportant*  Kowever,  for  female  adee  there 
vac  no  diffcretics  when  ths  silcu  vere  kept  at  20,  2j  or  30°  C.  uhiJLo  the  in¬ 
jections  twra  being  nada  5io  obt-ain  tho  afscaT.u3.ated  toric  dose* 

In  ordc’  to  ascttrta5.n  tho  role  of  tlie  15,vc-r  in  the  dotcodflca+Aoo 
process  fcisale  ni.oo  wore  p?u*tially  hepatcctonivscd  cr,']  subnepucintly  treated 
after  allowing  various  tirioc  .foi’  regonei'ation.  The  eai'liest  time  interval 
used  was  two  hours  >  ft  loi*  to  that  tins  the  surgical  wuad  was  not  suffielent- 
3y  healed  to  prevent  lfiai<aif3  of  the  drug*  The  results  art  given  in  Table  1. 
Included  also  srs  v.-iluoo  for  vet  liver  uc-lghts.  Ho  diffarences  were  found 
between  liver  weights  with  and  withoi'Jt  the  condltiotilng  dose.  Vclr.es  after 
the  t  signs  are  oatimatos  of  the  atr.udard  deviatj.on  of  the  population*  blnce 
an  occasional  eniiwri  will  die  veiT'  cai'ly  or  vei'-/  lato,  tirjo  highoct  and  Iwest 
valuss  voro  ortlttocl  before  obtaining  an  ar.orf.'to  for  each  group  in  the 
Tho  numbers  Ir.  per  on  tho  sis  sre  tho  nutsbor  of  mice  used  to  obtain  the  vnl^is.' 
showi".  as  the  cccuCTiLatefl  lothal  closes.- 


Fi'Ct  tho  data  it  can  bs  oven. that  tl:e  saiount  of  dcloirification  is  less 
af  toj'  hcpatccto-ci;'  but  tlx*  decrease  is  not  sigalficant.  Thixs  tho  x’enmiaing 
lobc!;  nn  hfudla  the  cbupour.d  almost  ae  veil,  an  fcha  intact  liver.  Hote^  how¬ 
ever,  tho  c'i'.a’ji'.t  dctcncifiod  in  tlrrso  bovir."!;  is  not  lerge  and  a  longer  tiiae 
iRigl'.t  rcv-val.  diifcx'cncos.  The  above  results  arc  COTsietent  ui.ti;  a  ciodsl  In 
which  th-*  liver  acts  as  e.  reservoir  for  tho  substance,  or  its  toxic  Ti'-odurt, 
to  ths  c-rtcrA  of  fibout  ?S',i  of  the  injected  dose,  Nohe  thau  at  on's  ci?y  the 
liver  weight  f.s  vu*  but  -aict  there  has  beer  no  appreciable  increase  in  liver 
cell:;  by  this  tiiio. 


Kale  mice  I  about  80  diiye  ol.d,  were  used,  else  .in  a  group,  to  follow 
dct.orf.?icatioii  with  time.  Two  out  of  oj^ht  anirvls  died  in  t.he  3-hour  partial¬ 
ly  hepatcctorilzed  group.  I’ho  rosuitn  of  theas  «.v;:..;rir»nte  ni-e  in  Tablo  2. 
It  can  bo  seen  that  detoxifioa-tlon  is  much  mere  rapid  in  m.i3.e3,  detaidficatinn 
bdng  ossentioLly  cooiplete  in  three  hours  'whoroas  not  itunh  ts-icq  than  2C^t  ac  > 
currsd  in  fema3.os  during  tho  sane  interval.  On  th*'  other  there  lo  no 

sex  difforanco  in  the  toxi.n  I'-'cl.n  (ijOP  fer  .fOiSilca  vor.w.u  i4?0  fer  r-,  . !*••!).  It 
cen  also  be  ceon  th&t  ths  pertlilly  hopabectoniT.od  rvle  rd.o-?  dhairm  e.  nex'kea 
decrease  in  detoodfloation  rate  .for  both  the  2-  and  'Jiu  .“  -h'^ir  inter. ala.  bixt 
there  5.b  no  apnrocieble  sex  difference  in  the  txtiw  level  foi*  t)ie  uartlolly 
hepateotORAfad  rdoe* 


Y/^Ui  1 


Ar.CirjOTIJkVa)  UVjlU!.  iX/S»i  ilJU)  THRir-.'iQOR  Dt:WXi:‘IC/.Tl«l 

0?  aet  DTCK^miitd  per.  wuWAi,  /.m  H.-,r*,>c'i'a^EED 
r-iurjE.  xrcE 


Cc  •;+rel 

2  iirs. 

1  Dagr 

3  Days 

1  Veek 

2  V/oeks 

v/iinout 

conditioning 

doae 

Ii0?i52* 

(13) 

1 

! 

3li^75 

(7) 

33h-2l» 

(6) 

381^7 

(7) 

1 

370^55 

(S) 

l*17l29 

(8) 

After  dose  of 
250  mgra./kgm. 

2iiet5i*‘ 

(9) 

165-Ii0 

(6) 

11.5^35 

(6) 

rji0l78 

(8) 

223^1* 

(5>) 

27Jti63 

(10) 

Detoxified 

(mcm.Ag*!-) 

in  3  hours 

89® 

a 

1 

'  110 

103 

107 

Mortality 

0/?’’- 

y/11 

0/6 

6/8 

’  1/10 

'  !Al 

%  T.iver  weight 
(wot) 

6.03i.-3? 

2.1ii-.2if 

3.70^.33 

J4.68.t,6i 

5.66;.?1 

6.h3^.ei 

"Hgniv^g«>= 

^lucF  .ator  •>  mortality  vithln  three  ho':rs  after  2^0  mgm./kgiat, 
dencialnator  »  numbor  of  animals  used. 


^Includes  aiimala  fiwj  1  to  $  hours  aftfr  hepatectomr. 
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poia*  maXo  Kico  wars  f'lven  t  -'i’i'j  Vcep^j  At  31?®  0.  foi' 

holU’o#  Tijo  srtovs^fi  cccvniuJ.afcr.';!  tccfic  oos?  <;7f>  sigia./kgri*  Xnstq.icl  of  428 
0C3i.Ap^.  (Tc.bT.0  ?)  for  TCa7ft  ilea  kept  at  30^  C*  Tlis  •r-rnortenee  of  onvfron- 
jccntc>l  tcipcrai'orc  la  Indi-catcl  bjr  a  co.:ipai*ison  betwoor.  theno  ’/.ilvioa. 


TAan  ? 


ACCiM^^fiTrlD  LF.IMIL  '  -n?  DETOni‘'IC.VnO!J 

fF  .‘^T  IK  RMK  ifICE 


1  Hovir 

2  Ilouro 

3  Houee 

Direct 

After 

After: 

After 

1 

L-. 

230  afpi./kgw*  i 

1 

250  Rgn.A^* 

250 

1,'omal  2il.ee 


Accumulated 
lethal  dose 

25c® 

+ 

1Y0±21 

220SliIi 

m^h9 

Ii2ai27 

DetoxLflcntlon 
in  otated 
tine 

4  4  4r 

50 

1 

'  -  . . -1 

13U| 

1 

1 

258 

ricpatssctortized  (2  Kottrs) 


Surawar;- 

A  method  for  eetlmatlng  the  In  vIto  detoodfication  of  AST  Is  pre> 
eented*  A  nuarked  sex  difference  was'Jound  vifh  i?Xe  animals  b«lng  rt)le  to 
detox5.iy  AET  more  rapidV*  Partial  hopctoctojv  (oroduced  about  the  ^rato  de¬ 
crease  In  the  toxic  level  for  nale  and  female  idre.  Whereas  the  decreaso  In 
dotoadilcatlon  was  not  significant  for  females »  there; was  a  iaarlfed  docreacs 
In  detoxiflcatlcm  in  male  rdoo  followln"  nartl’’!  hopatsotany. 


PtUUUCOIUXlICAl  iUfS  TCDC  CaUQZOa,  COKFOUiOS  AS  ffiOrSCTlVV  OB 
Tifiaunsimc  Aoaiir  uuiasT  SiUMAncK  zii.A/«7 1« 
BFEau'iairAi.  aiihau 


V.  Effect  of  acw  Wrcfotly  AEooto  ai  Suboo^^mcoiw  mt£ 

iatr'cpcritoneo.l  dqrgcn  YwidtT  j  Hoio  ' 

M.  0.  Ucw^tbl 


This  report  eoceemat  Polaroe>^sphlc  ■OMuroDints  of  atibcmtonoout  and 
intrsperltoDetl  xeyimr'i  toesioa  followlnE  3<MLniatraUoQ  of  son*  eoMpovatda  vfaleh 
protMt  against  radlatiaB  lathaUtjr* 

laMiH  ata  or  ultlaate  apolleaUg<  of  tha  reaoltat  Tt  provide  infer- 
■ation  OQ  ^e  aechatilam  c^  action  of  ooapoSndIa  whleli  iroteet  afalnat  Um  affoeta 
of  lonlalng  radiationa. 


An  avtompt  haa  lean  aiade  to  eatlnate  the  ohaoEoa  in  tisane  oaorgan  tenaloa 
of  Biea  felloulnK  injection  of  p^anincpropiophusicne>  serotoalct  gljtrnonit^lOf 
nalonltrllo,  2~anln(Wthrli80thinraaiua  dlchloride  a^  aarcaptoo^irlaitdBa  hQfdro-' 
ehlorlde4  The  doaea  Injected  correapood  to  the  Talnes  used  for  protootion  agalnat 
lethality  (1>2}4  The  neaaurcsreatc  vere  neetly  nade  at  ahont  tumijr  Mdsuiee 
following  iojectlcn  ainoe  thle  is  amxrcaclKately  the  tine  wtatoh  elapaed  froa  thn 
tine  of  Itijaction  of  the  drug  to  the  idd-polnt  of  the  x-irradiatiaa  dose. 

EnaB:>led  platinua  wire  was  threaded  through  needlee  \Zk  cr 

25  gauge)  iddch  were  thoc  fli..ed  with  realn  while  hot.  After  teatiag  to  oliad- 
nate  the  poaeibillty  of  oleotrieal  oontaot  between  wire  and  needlo,  the  needles 
were  baled  at  about  IJO^  C.  overnight. 

Two  rjch  needlea  were  inaertod  under  the  akin  of  the  lower  beck  cf  s 
no-iee  atrapped  to  a  thin  plate  held  on  a  ring  stand.  Snail  weighte  of  abovt 
20  granw  tied  to  auture  thread  were  faetenwd  to  eaeb  foot  with  a  nli"  'nnot  while 
tha  noUflO  waa  hold  in  the  left  band.  The  nouee  via  placed  on  the  plate  so  that 
the  weight  hung  over  the  aide  tbne  holding  the  laga  apart.  A  omall  atrip  M’ 
alucinun  forvilng  an  aroh  In'ita  niddle  and  held  tlghtljr  on  one  ond  waa  lifted 
up  at  tha  otbwr  and  while  the  head  of  the  nouae  waa  put  under  the  atrip.  The 
atrip  WM  then  praaaed  baok  to  the  board  with  the  ereb  over  the  nedk  and  held 
in  potion  with  e  clip.  The  front  feet  wore  palled  forward  ower  the  etidp 
beiRg  held  tgr  the  weighte*  IVo  ealoael  half  ctlla  were  each  attach'  ;  to  a  wli.  K 
and  one  wet  wick  vae  placed  over  eeeh  hind  foot  and  held  ermr  the  font  tgr  a 
el9.p  with  light  nreaeura. 

A  nodlfloaUan  of  ti.«i  altamatlag  eurrant  nathod  (j)  <«a  foUow^d  to 
Msanra  tha  ojqrgtn  tension,  lha  ^la  tine  of  1$  aaeends  was  dlvlisd  into  faor 
aqoal  parloda  hr  naans  of  a  eonautatar.  Oaring  ttao  Imt  period  tha  poaltlve 
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current  (0.6  volt  nu'^^nly)  flovrctf  trow  ».«•»  pletlr-'cn  t/.irough  the  t5.08UC  to  the 
oaloP’al  hcUf  cell  pr.ajrlnu  thron«*i;  tho  gslwonotaJtcT.  Dorlni;  the  second 

.uad  fo'.u'ih  nhasea  no  ourr'jut.  flowfd.  C<'V/r.p  the  third  phnyo  tJw  volta:;c  .-aH 
roverned  (0.6  v}..  During.  tM  firnt  nai'i  (l/j)  of  thii!  r.r»rt'jo  tM  .':olvrr.a.--.'-.tn‘ 
vso  ohvrt-T::  nw’.  dit.'ing  ,thf'  rcmaitiioa-  frr.tho  uheoo  the  geVoacrsclj^r  ^^n'l  in 
aoriec.  I'n  ttsxlv.in  daricctlon  wtr  yja*..  It  waa  slwit  1.3?  tiaset  tJ;u  vol»io 
at  tha  break  Uiird  phatio  r-idod.  ’iincc  tho  rending  ropresor, tod  the 

value  of  the  cirraat  now.*  the  enu.of  third  «'>»»«,  tUe  .jotual  vuiue 

dopcr.dn  on  a  ix!lr.‘vt2d  n”»*flro  oT-t^V*  ou/hont  ./Vch-.,.'U\o  tim  tho  ohujtt  opened  sod 
thn  tiKo  0?  the  "  ThC' very  reproducible  «nc 

coxild  CO  rtxJ  to  e  hJ'lf  por  nont,  .(icauvo?*#  hecriuco  ot  nuawn'ouc  factory  tMa 
rt’oeiaion  could  not  bo  utillr.c.U  V-ljcn  tbu  electrodes  vxrt  In  place  in  e  aoune 
nost  successive  randiiigo  elll'fcrpd  \r/  lone  t’rian  However,  slow  drifts  f^re- 
euently  occurred  -.chieh  occac'-oanlly  rr,o\ut£2d  to  ao  such  an  bOi.  There  also 
occftrred  occpsloncl  ucarl;'  dinoontinnoua  ch»\rvges  of  the  seuae  nagnltnde.  Hove- 
nsnt  of  tho  mouaa  just  after  a  rcrdlns  often  had  no  effect  on  t5id  next  rssdlngf 
often  chansccl  it  ty  a  fes  per  ennt  orj  l«:s8  often  ahai'.^cd  It  by  substantial 
oriounta.  If  tlie  aninal  novod  uithln  a  few  seconds  before  the  galvoooneter 
reachad  its  raxlrriR,  the  reading  vculd  be  enbetanti-sUy  Increased.  These 
values  were  not  recorded  or  if  recorded  u-ero  subscouently  Ignored.  If  tbs 
aninial  struggled  for  r.are  than  about  five  seconds,  the  subs^uent  readings 
were  generally  lower,  OKoopt  perhaps  the  first  reading.  If  ptire  oxygen  was 
apuliftd  for  several  ninutes  whan  a  reeding  was  low,  tlie  reading  rare^f  de¬ 
creased,  usually  rose  slightly  and  occasionally  roso  substantially.  If  the 
reading  was  high  beforo  arhidnlnfcration  of  the  oxygen,  the  readlnr  usually  in¬ 
creased  annreciably  and  v.ccacionally  increaced  very  markedly,  ‘^se  genersll- 
satlons  wenild  indicate  that  the  circulation  In  the  lieaedlato  vicinity  of  the 
electrode  verias  as  is  to  be  expected.  Por  this  reason  two  electrodes  were 
used  in  parallel,  f 

Since  temperature  modifies  the  resuonse  of  the  electrodes  and  sloes 
tho  drugs  result  in  lose  of  tof^KratuTA  conti’ol,  the  animals  were  kept  wsTb 
while  fastened  to  tho  pLate.  Juring  long  rune  the  rectal  tenpsraturo  was  ob¬ 
served  contlnoally.  In  most  instences  a  mouse  was  observed  for  about 
minutes  id-th  the  reau].ts  during  tho  first  three  Minutes  being  discarded.  The 
mouse  was  injsct.tjd  with  tho  drug  (IjS  of  body  vailght)  and  plisod  in  a  box  warai 
enough  to  prevent  appreciable  loec  of  tetiperaturo.  Fifteen  minutes  after  in¬ 
jection  tho  polarographic  rueaeui’emcrctn  wr.rH  ngain  auede,  Roctal.  te^speratut'es 
waro  takou  before  and  after  and  cccasioDclly  ciurinr  this  period. 

Tho  reBulta  of  mGarm'eriants  of  oyygKn  teusioas  in  the  subcutaneous 
regions  of  tho  back  of  the  sale  mouse  arc  shir^  In  Table  1  in  ndcrocisparas. 

The  values  in  the  fifth  rolun>o  of  tho  *c»vXS  i?io  ratios  of  values  from 

treated  animals  to  the  control  values*  In  the  lost  column  the  ratios  are 
corrected  for  the  decrease  in  the  reading  occurring  \tpon  tho  addltlc«  of  the 
drug  to  Tyrodo’s  solution  in  an  amount  o\u'f?.clfint  to  nuJeo  the  concct:" .  atlon 
tlie  sane  as  the  dose  In  the  second  oolunn.  If  the  drugs  were  undfomly  dls^ 
trlbuted  and  the  effect  on  the  electrode  is  the  sane  in  /ivo  as  in  vitro  then 
the  "ccrrected  ratio’*  of  the  next  to  the  laot  eol»?ma  of  ths  table  frculcTbe 
apprcgxriats.  Tho  correction^  me  linear  interpolations  between  the  effee'e  nz 
Oji  oxygen  and  air  at  C.  assuming  that  the  desired  <'ACtor  ie  for  a  va^Aae 
of  about  6s(  ox/gen.  In  the  case  of  p-anlnoproplopt:erione  a  substantial  port 
Of  the  poLoon1n(4  effect  r~i  the  eleotrode  ie  due  to  tho  propylene  glyeol  usttl 
as  the  solvent.  Only  short  tern  offeots  are  considered  here.  There  sre  len.'^ 
to/m  electrode  oolsoning  effects  which  could  also  cause  difficult. 
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■’^TC-.'-o'c  solution  witlivTut  glcooi-o  at  3'’"  C,  and  aatuz-atod  at  ataoe- 
phari,:  preasara  r^avc  sn  readlivj  of  0,66  nlcronm'ierca  >  In  nitrogen 

the  CTTi'eapondlng  valito  was  0.15  giving  «i  average  sensitivity  of  0<25  >>a 
for  «n  lRfrrw<rit  of  15  In  ojiygon  'bcutaheons  tlssii?  fluid  conciRtratioo. 

It  should  bs  no+od  that  different  jalta  liava  different  effects  there  stay 
be  anbstsnots  which  Oolaon  the  .  irotrodo.  ?or  example,  addl.tlon  of  xlver 
hoRC(^enat£a  ch'njs  a  coneidorahle  effect.  On  the  other  bard,  0.1  M  neutral 
buffer  aarkedl^  lucjeotes  the  reading  eapoclat’r  in  tho  eboenco  of  oxygen. 

If  wj  ecaitac  that  tbera  Is  no  affect  on  the  ••'trvont  due  to  tlasua 
fluid  subetancest  then  w*  obtain  from  the  abonts  consider ctions  a  value  of 
about  6ji  o:7gen  tension  wldch  ie*a  piauslblo  value,  however,  tills  assy  occur 
due  to  the  conponsaflon  of  two  factors  (a)  tho  tendency  of  small  movenonts 
due  to  respiration  ~'.d  heart  bsat  to  increase  the  current  and  (b)  the  presence 
of  substanecs  in  the  tissue  fluids  that  decrease  the  current. 

The  values  in  the  last  column  of  oho  table  were  obtained  assiadng  that 
the  censltivlty  to  cag^gen  in  tho  tlssuo  fluid  was  ths  same,  aftor  correetloo 
of  the  drug  effect,  as  in  'fyrode's  solution,  provided  that  the  readings  were 
normalized  to  the  average  noimal  current  of  0.31  mlcroar<iperce.  Thus  this  factor 
in  the  last  coli.m  (  A  P/Pq),  the  relatlv>;>  change  In  ths  oaygen  pressure  due  to 
the  drug  or  troctnent,  io  estlnnted  from  the  following  foraulai 
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2.1  X  (corrected  ratio), 


whsi'e  (Ig  “  corrected  ratio,  S  ttm  eensttl\’lty  in  'i’yrodo'n  so¬ 

lution,  I,,  the  normal  curront,  I  tho  eurrtn'.  after  adnlnistratlun  **10  drug, 

Pp  and  P  the  oigrgan  tensione  in  per  cent  oyygen  before  and  aj.ter  injection  of 
tlia  drug.,  ;iero  S  •  O.C25,  In  “  O.32  and  token  to  oe  5i  wiilch  la  a 

one  obtains  an  equiUfaratlng  air  or  nitrogen  bubbles  under  the  s'l  in  of  tSie  uocks 
of  rats  for  four  hours.  It  should  bo  .jm,9)u'.::lzed  that  the  coloulatlcr.  represonta 
an  attempt  to  clininate  some  of  the  factors  involved  end  is  no  better  than  the 
assuiRptlooa  made. 

from  tile  standard  deviatloa  of  the  unootTeoted  ratio  for  ?A1'P  it  eau  be 
ealonlated  that  the  rat^.o  is  not  pulta  eignificantly  dlffeve«it  from  imity.  Witen 
the  eorreotloo  la  made  the  differonee  Is  not.  slgnirir-nt  but  It  Is  of  inWes"* 
to  oaloulsts  the  eorrespouilug  relative  decrease  in  oxygen  trailo?i,  Tb«  vo-Iuc 
of  0.20  lies  In  n  ft.donial  range  of  2Ci4.  ftron  a  lelatdve  increase  of  0,10  t<>  a 
decrease  of  O.S.  This  peinte  out  the  dlfficultj*  In  .istimatlnt;  the  r.tiangea  due 
to  the  drug  . 
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I?M  values  of  tha  change  after  edatnistration  of  S%  or  Id',  ux/gen  ware 
more  conataat  since  the  changes  were  measured  during  mich  a  nhc,.  t  When 

the  anitsal  was  q'aiet  and  enistatit  reanings  vers  'Kdng  recorded,  the  ra^t^wed 
oxygen  aixture  was  aMLcletered  id.thout  dlsturtrl.ng  the  ardaal  for  a  pc^’lcoi  ot 
about  three  aloutee.  Most  of  the  change  uaa  wtthLi  the  flret  dcute.  '!h« 
readings  for  two  minutes  just  befoi  sod  for  two  sdAOtes  following  three 
idnutes  of  air  ware  averaged  to  obtain  a  rofereooo  for  the  third  ninTitn  read- 
luge  with  redocad  oavgen.  Za  iiie  ease  of  reduced  osygen  only  three  ad-ce  ware 
used  for  each  ovgen  tenslcn,  these  being  12  and  17  s^^wraio  abeervatlons  for 
the  i%  and  the  Idi  ojq'gen  ;eki8lon  respeoUvely.  Tt  nan  be  seen  that  ths  drop 
fron  21S  to  10t<  Oj  reduces  tho  subcutaneous  tension  tgr  about  tbs  sane  factor 
as  does  tha  reduction  from  Idi  to  Oj*  In  this  cnu^ctlon  It  my  be  pointe>J 
out  that  It  reculi'as  a  substentla'i.  reduction  In  axygcB  tension  to  produce  any 
aopreclable  proteeticn. 

A  few  obsoi-v.it^iais  were  made  on  the  Intraperltoneal  ooygen  tansion. 

The  control  values  were  not  substantially  different  fron  the  subcutansoue 
valuae  nor  was  there  any  ei-ldent  change  produced  After  serotonin  or  glyco- 
nitrlla  had  been  given. 

A  fow  animals  which  had  been  given  p-anlno|woplophenaoe  15  to  35 
Rdcutea  provioualy  wore  given  100^  oxygen  for  three  alnutes  to  obaarva  ohangae 
in  the  polar ographlc  readings.  The  reeults  of  fowr  readings  were  0,  8,  10  and 
33;S  Inereasea  in  ths  readings  obtained  due  to  adndniatration  of  the  eogrgon. 

These  vslusB  ere  erratic  as  in  the  caea  of  nonaal  anlMls  neutloned  above.  Tho 
Incrauaes  are,  on  the  average,  about  auffielent  to  eaneel  tho  decrease  due  tc 
the  drug  but,  in  view  of  the  vari.ihlllty  In  both  valass,  nut  nueh  oan  be  oon- 
cluded  ^oe  this  finding. 

Although  the  subatances  mentioned  above  prokjcca  aam  inbi.hitlug  oOTfeot 
on  the  platinum  electrode,  the  effect  la  quickly  ruven’asd.  Kowsver,  with  4 
nu»b«>r  of  aulfhydiyl  oonpounds  the  poisoning  effect  Is  not  only  large  but  mw 
be  vary  slowly  reversed.  In  order  to  sstimste  the  crygsn  tension  following 
injection,  it  ia  necessary  tc  astimatw  the  oonoentratleo  of  ths  drug  near  the 
electrode  and  then  know  that  the  factor  to  be  applied  Is  not  modified  hf  other 
eubstamee  which  are  in  the  eubcutaneous  fluid.  In  the  ease  of  the  drugs  listed 
above  the  factor  was  not  too  large  and,  therefore,  the  ascunptians  made  In  using 
the  correctlo.i  factor  are  not  too  restrictive.  Ir.  ths  ease  of  the  sulfhydryl 
compounds  tested  this  is  unfortunately  not  true.  The  estimated  values  for  tbs 
oxygen  tension  ore  very  doubtful,  with  these  qualifications  the  results  of  a 
fow  obwervallOT.s  we  given.  Ualog  lyrode's  soluttoo  st  37®  C.  the  kv...uOticu 
faetOBS  fei‘  AiiT  (?25  rntr’-Af!”. )  and  (SCO  Mgm./icf^.}  were  reapeetively  O..h0 
end  O.hS  in  aitrogen  but  were  0.31  and  0.33  in  aerated  sdutlons.  These  values 
are  not  very  .joRjitlvo  to  concontratisn ,  A  linear  interpolation  for  6^  asqrgan 
gives  ratios  0.37  and  O.U3>  The  average  oxygen  tensico  current  readings  ten 
minutes  after  injection  of  AST  or  MKA  were  0.1i2  and  0.32  respsetlvsly  reletlve 
to  the  ocntrol  value.  Thus  for  AET  the  reduction  in  vivo  Is  abeitt  tha  same  as 
that  in  vitro  while  for  MEA  the  lo  vivo  footer  Is  BoSmSat  smaller  uiaa  that 
obtained  in  vitro.  In  view  of  the  Weertwictles  discossed  above  one  cannot 
eoneXuds  that  there  is  any  ehanrre  in  oxygen  tension  fellnwtni;  admlnlntratloo 
pf  these  drugs. 


lli 

<•1-  .  *  obaervaticns  on  the  Uks  couree  of  :ht;  polai'oaraohio  rendlnre 

Inloctlon  of  *K7  showed  s  rather  ^id  drop  In  the 
hiri  rfJatlvely  Uttle  chan.'ie  trom  15  tTfo  Suirtoa 

thareeft-'M-  Tha  reBji(.;;ci  iwrte  lttSrepcriU»««llr  «t 
P«^hap8  hlrher  than  the’^espSAnT 
+!‘  a::-./tgB.  were  given  tntravenov^ly  over  a  30^ 

ovbmtmeoua  raadin^a  were  down  by  tht.  cad  of  the  in- 


MniBaary 

^  ' 'saarcarnta  faliad  to  show  that  aerotaninf  gloraonltrlle 

2hcr*r^a^Sil/!^°*  o^gsn  tension  of  tiaauee.  p-AmlnoproSShonoae 
anojed  a  proteMe  ^oroaao.  For  variotie  reacona  Jt  was  not  poaalble  to 

reduce  the  tonaion  rather  markedly.  It  was 
"cnclualooa  rerardlng  the  effect  of  2-aiidnoethyHeo- 
dlchlorlde  or  ^captoethylaaine  hydrochloride  on  the  oxygen  teneloa 
te  that  i"  Poloardng  effect  on  the  electrodes  In  vivo  la  coaparabls 
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THBRAPEWIO  AOESTS  .‘'•AINET  JtAOlATia:  niJUar  III 
EXF^Q^'cBTAL  ANZI^AIS 

VIj  On  tha  Role  of  Tewpcratura  in  SadloecBal'fAvity  and 


D.  Landahl  and  A.  T.  Haeet'.Hv^? 


Thla  raport  concerns  i  Th«  effect  ot  stat'vation  on  toB^erature  control, 
the  eli'cct  of  bO'  ■  lu!‘o  of  starved  nice  on  aeneitlvlty  to  radiation,  the 

effect  of  raHlopi'otcetive  cornpoands  on  temperature  regulation  end  the  effect  of 
tenpci  jture  on  the  toxicity  of  cone  rad.^  oprotectl'^e  craipounds.. 

Iiwcdiata  or  ultimata  application  of  the  rewultst  To  provide  infor¬ 
mation  on  itiia  "role  of  enyirorc'ietitai  and  body  temperature  in  radloaensitlvity 
and  in  tho  toxic  effects  of  some  radiation  protecting  coepeunds  vith  a  possible 
resulting  increase  in  the  therapeutic  Inde::  for  protection. 

EnviroterntaJ  temperature  plays  a  relatively  maall  role  in  surrivel 
after  radiation  of  normal  rats  (1).  I'omial  mleo,  howver,  maintain  their 
temperature  fairJ.y  well  over  a  wide  ringe  of  environBootal  tairporatures. 

Starved  rtJ  ee,  on  tho  other  hand,  lose  the  ability  to  regUI.ate  tomcitraturo. 
F^a•therr5^Ir8,.  most  radioprotective  compounds  seriously  interfere  vith  ter.p«r»' 
ture  '•rtntrplj  As  a  result  the  body  temperature  at  the  time  of  liTadiation  “an 
be  vii-lsrt  OV33*  a  wide  range.  protective  power  of  -i  Irug  c  t:;  thus  bo 
memsarc'i  for  vwio'ib  values  body  tjinperature.  The  value  of  the  body  temp¬ 
er  at  uro  which  is  maintained  nay  determine  the  maximum  level  of  the  effective 
subctance  as  vjal.l  as  tho  duraticn  of  its  effect  (3).  Thle  latter  statement 
impl.ioa  that,  in  general,  tha  toxic  eiTect  will  also  depend  upon  temperature. 
Slnoa  tho  toxic  co.v,onent  of  di-ugs  may  well  be  different  from  the  pa*oteetive 
compor.irit ,  the  tlrco  coiu'sc  of  tho  body  temperatwo  ma;  affeot  the  towicity 
and  tjj  •  prot  .cli.s  aciiou  difi’ercntly.  TIuuj  It  nay  be  possible  to  miurlsuae 
the  tborapeatic  rnolo  for  protection  by  proper  choice  cf  the  vfeipom-.  t-attern 
for  tie  body  wTppratura, 

Effect  of  r-irrodi;  il<ni  and  8t-»r“.  ati  ■vi  on  recmal  tgtponture  of  mice 
ko^it  at  room  tomjL'erature  T22^  to  25^ C.yi  Ftiaale  nlct  were  exnosed  to  various 
levels'  of  x-irradiatlon  md  tHelr  roctal  temperature  use  followed  In  the  morningB 
and  afternoons.  All  exposed  isico  were  starvei!  following  irradiation  Tho  re- 
aults  of  meas’irexents  on  groups  each  containing  eight  mice  art-  obrwn  In  Plgta-c  1 
where  it  nay  be  seen  that  unerpooed,  atrv/ed  dice  lose  tenpor.ture  control..  '^-Is 
le  especially  narked  -when  noa6ur:!<>etrlB  aro  made  in  the  mnminp-.’.  fare  muct  ta; 
exerelsied  to  avoid  stlmulst-'  ig  ’ije  nice  too  much  la  handling  since-  t’;i8o*-r.  re¬ 
sult  in  a  substantial  temperature  Incrcaw.j.  It  ic  also  ts  be  noted  that  the 
Irradiated  rdos  (floO  r  or  greater  doses)  show  only  a  .«iill  loss  in  twaperature. 
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Plgtarc  1 
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A  rtpatltioi  of  tha  BorniaQ  noMorcasnt*  aad*  us1qi{  four  aula  and 
four  fdula  niaa  In  caoh  gro*9.  Tm  additional  grcntfB  glvm  600  r  inra  In- 
oludad.  nia  raaulta  wara  nore  Tarlabla  dna  to  ths  <— nonbera  of  aniio-iiia 
uaad  b«t  tha  Konaral  results  vara  taaa  aonapt  that  the  atarvrd  control 
■ala  idoa  ahwad  laaa  taaparatora  daevaasa  tha  first  dagr*  Iba  raallaia  for 
ttw  600  r  groups  wara  Iwar  ttio  valnas  for  angr  otiar  doaa  witb  taia  ax- 
oaptlan*  Tha  sraroga  of  tha  rasnlta  trea  ths  four  ■sis  and  feur  fcnals  Bloa 
St  600  r  hsra  baan  added  to  tha  data  of  tha  flr.yt  (nparl— if  and  era  Inoludad 
in  Tlgura  1. 

gffyt  of  x-l»T^aUCTB  starrstlon  on  raetal  tanaratnro  of  ntoa 
exposed  to  heat  end  co^«  Rila'SSr7iniL[a73oa7'3xI«raaen^o!ip7via71cK^ 
posi3‘’HS!Iy~To~ooI3~a?iar  withdrawal  of  food*  The  raot^  taaqjoratnres  ware 
reeordsd  every  half  for  hours.  The  results  are  ahoun  In  Figure  2. 

Tha  results  for  males  and  feoialas  are  shown  separately  and  it  may  be  seen 
that  Uiore  was  Httla  aex  difference.  Tha  unstarvad  ■»hi— showed  a  de- 
oraase  in  the  fli'st  half  hour  and  then  only  a  sU^  daoraasa  thereafter. 

In  other  control  groups  these  trends  do  not  show  up.  Ihe  lamediata  drop  de¬ 
pends  upon  handling  to  aona  extant.  If  tha  unstarrad  ntoa  are  handlady  their 
temtwraiuras  are  slightly  Inoraaaad  and  this  Inoraaas  rapidly  dLaappaara.  Tha 
affaot  of  handling  also  shows  up  In  the  next  d^ra.  Ihaae  aloa  were 
for  other  purposes  and  fisnoa  thair  tenparaturaa  were  up  initially.  After  one 
or  two  deya  wlthoat  foot*  tha  tanpareture  dropped  subetantially. 

Fenela  nioa  In  e^oupa  of  four  wara  givan  varlsaa  doses  of  x-riqra  and 
auboeouantly  expoced  to  heat  or  eold.  Tha  raaulta  of  these  ■easureaenta  at  the 
third  day  after  x-rey  are  ehown  in  Figure  3.  All  groopa  behaved 
tha  eeaui  when  axDosed  to  heat  except  that  eona  of  tha  lOjOOO  r  aniula  died 
within  aa  hour  after  exnssurw  to  beat.  Tbs  reeetion  to  axpoaura  to  eold  wi;b 
rubstautially  independent  of  doaa  axoept  that  again  aona  of  tha  irradiatiid 
oaimals  died  within  tfareo  hours  after  tha  start  of  excesure  to  cold. 

It  should  be  enphaaised  that  the  taMparature  otaaagaa  depend  on  the  ex¬ 
teat  cf  handling  when  tha  temperatures  are  taken,  tha  miAar  of  aloa  in 
group,  ths  Bateriels  Crm  whloh  tha  oegsa  are  made,  the  praeanca  or  abeanoa  of 
drafts  and  other  similar  factors.  These  factors  idll  not  be  conaidared  hare. 

Effect  of  tempwntura  change  induced  far  atarvatien  on  eurvi'val  aftai- 
x-lrradl^on.  Hale  refca  wara  eta^d  for  two  dara  and  thar  .JTirloue 

levels  of  x-lrradiatloo  while  either  worasd  to  nonul  be^g  betBparstars  or  ccclad 
to  low  body  temporaturea.  One  group  of  nios  was  kept  wan  before  and  dnriaif  ax- 
powa  to  x-raya.  were  exposed  in  perforated,  plastie  eartna  in  a  constant 
tengMratura  box  at  30^  C.  At  the  end  of  exposurs  thadr  tenparaturaa  ware  neasured. 
Tha  naan  I'aluss  for  tha  subgroups  exposed  to  $20  r,  600  r,  700  r  and  OOO  r  wers 
37.6,  3Tv7,  37*7  end  36*$®  C.  rsspaotlTsly.  as  error,  tbs  box  teaqpera- 

ture  of  ths  800  r  group  dropped  to  26®  C.  at  tbs  sad  ef  tbs  expoma*.  Idea  tu  a 
aeeood  group  wara  placed  In  perforated  plastio  tabes  sad  kept  la  a  cunstart 
temperature  box  at  about  5®  C.  for  a  half  hour  and  then  aspoBei  to  x-r^  wiul. 
la  tha  ooJi  box.  Raotal  t<r-.?0T^iarc  was  sieoaured  at  the  ead  cf  tba  sxpoimra  t 
i^irradieUoa.  Tha  aean  valnas  for  ths  >20  r  to  300  r  poops  waro  22.0,  Slj.S, 

26.7  ad  27.2®  C.  raspaotlvaly.  Tha  survival  eurrea  we  ahowa  in  Fi^utas  li  aad 
5.  Thera  were  twelve  aloe  in  aab  eronp  axoaot  for  ths  SCO  r  group  in  which 
tkaro  ware  eight,  nioa. 
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P^Rure  3  I 

Sf  foct  01'  X»iiTQ01<itiun  and  .Starvation  on  the  Reotal 
Tennei'.-aturc  of  Peraale  Mico  Exoo.tod  to  Heat  or 
Cold  Tlrca  Days  After  Irradiation 

V'c 
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FiRur-  1* 

Effect  of  ReetAl  Yenpeiraturo  Durinc  Esrpoov’ro 
to  Irradiation  on  Survd.v!u!.  of  Stainrcd 
Male  Kilce 


r’V'j'i  coJU'J.u-nMu’!.'' 
indlvio'>.‘X  rr!.v!o,  !i»’  ilnr-'c.  ru  vl*. 

TbH.>^  Nice  which  lir.'.z:' 
icnpcrc'+.uro.  I’wco  t'>\o  r.iet  v;o 
bctwcfic  rurvAvrl  nnd  CLn‘0. 

TJjoys  N-«i3  onlc' t  cn  oh-' 

did  t.he  bent. 


1.1  bhi)  r<inta!>  ;ct:."iC'a 

tVilj.  v.Mfi  -j::?;  to  *hrj  stri:/-,'"] inj'  ‘Lr  th«  pJ.iioti.fc 
'ctl  :.'!’okco  ‘.hr  alowjzjt  dron  in  body 

!*c  r.ni-y.er?  -i;;:.  dov'jrnd'.'.s  I  penoibio  corrolation 
•»:i  ict.-'iwai-.iro.  'I’hs  ronvLtr;  vovn  inconclurf.ve. 

IV.'-jnc  rdco  •/•it!:  body  tomrv;-:ii;vvrc;’5  nrourd  2?^ 
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A  OOT^isi'ison  bat'.jccvi  tr.i^  abo-'o  r  <->:;!}' ;.j  or.  ataruod  nvUv;  -ind  oViioi*  data 
froct  thip  loborater^iT  obtelned  .ib  about  t,iio  air.-?  i.-Ltw  i.ndj.c-jtG  that  the  ctarv«»<i 
nLca  vhich  aro  kept  war.n  ;»ro  T.oro  sor.ritivo  to  rfloiation  thn«  normal  mice.  The 
aninals  vhich  rocelvod  fiOO  r  died  eorller  than  noraol  c^ntrolo  vM-ch  have  an 
SVgo  of  about  nine  dayc.  Abo.zt  o:jc~h*;lf  of  tho  520  i-  normal  anitr;,ilc  wmtld  he 
eotpncted  to  owvive  while  a  ftw  of  those  rocotvlrig  600  r  v^otild  be  expected  -to 
aurvive* 

Te.mpnrature  ohRntres  follovinr:  adnlniotratlon  of  gahlethal  doaes  of 
radioprotoctive  gnd  related  non-Droteetd-vr  caiipounds.  Since  the  body  tenpera- 
ttzHse  icacr  ploy  n  rolo  in  protectico  and'oince  the  extent  and  duration  of  the 
body  tciaporature  reflect?  t«hn  Jn  inactivation  of  an  adninictcred  drug  or 
Ita  productOi  it  scorned  deslr.aTjire  to  fol3.o?  t.hc  tiiuc  course  of  body  beoeperature 
following  acrdnlctration  of  o  rmml:>cr  of  di’Ugs  which  protect.  A  temperature  of 
2li®  C.  vac  chosen  as  the  environmental  tcTTperaturo  for  aninala  following  intra- 
peritoneal  adminiatrat^.en  of  tho  various  drugs.  The  results »  using  three  female 
mica  fer  each  di*ug,  are  clown  In  Fifiures  6,  7  and  D.  Tiie  numbers  after  the  name 
of  the  drug  in  the  figures  are  the  doses  in  milligrans  per  kilogi’ara  used»  These 
▼alueo  ai*a  those  used  in  the  .screening  progran  (2^3).  The  ratios  following  the 
dose  level  ara  nortolity  r  et^  ba  for  pretocted  wile  mice  given  800  r.  It  can  be 
seen  iYoin  tho  figures  t!iat  tho  compounds  which  protect  ^1  produce  a  rather 
narired  loos  in  tonperataro  ooutrcl  whon  the  dose  is  in  the  range  which  shows 
protccblo-.i.  It  way  be  added  thet  reduced  oyy.-sn  tension  also  results  in  lo»t 
of  tc;flf:cr.-it\a'e  control.  Ohlorprowizine,.  i-fhich  has  no  apnreclable  protective 
value,  rvofucos  n  marked  loss  in  ternper-ature,  oltho».’.rh  wore  i»3evr7.y  then  the 
other*:. 

Rccovciy  from  loos  in  cm  be  hastened  by  stimulation. 

Hence  it  night  h»r/o  been  batter  to  have  introduced  a  low  level,  periodic 
stirmlaticn  to  roduce  tho  tijne  lag  between  tha  observed  tomperaturo  and  tho 
intrinsic  factors  invol^•ed  in  tlie  temperotwo  control.  Since  a  number  of  dru.^s 
were  Injooted  arjop  a  period  of  time  and  tho  nnJmals  vero  all  kept  in  the  san*  ' 
cootainsr.  the  didturbences  rcau-lting  from  maasurirg  rectnl  tsrpcrat’.r  ...  wore 
hardly  rendom.  Hence  there  miy  have  resulle.:  sn  appreciable  iuscunt  of  system¬ 
atic  crroi'  lij  addition  to  random  error.  An  idee  of  tho  latter  varlhility  io 
indicated  from  ttie  sveroge  ot«v’3rd  dovlalio?:  for  tho  one-hour  readings  which 
vae  1,5®  0.  or  a  standarri  ciTfii*  of  t’»9^  C.  for  the  average  point  at  one  hour. 

i 

Effect  of  body  t«gperotia*e  at  tlias  of  Irracli  Jtior.  on  protr.otinn,  A  f.sw 
prclininary  observations  nave  iS!KTTo”L^ow^X’thT'5o3yTci^ratiUc.  at  toe 
tl-Tie  of  rndlation  has  much  offset  cn  protection  in  contrast  to  the  effect  in 
cta3r/<.d  animals,  Rosulto  from  aixtoon  nice  givefi  225  mgruAinfi,  .nf  ART  tven-iy 
rdnuteo  boforo  n  rapid  oxpoi'”'c  t-,  x-ray  (750  ryj snowed  no  diifferenco  ’n  nwr- 
vlval  bjtvcen  thooa  kept  et  about  35®  C,  t.-«  proveni;  lo^s  in  bcr*y  tempera tur»' 
and  perr'tted  to  drqj  abwh  5  degrepc  Viofctc  liol".-;  c-poaec*.  Sim’.l'u* 
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traatKaui;  uith  figjit  aiica  per  src  v  ■usict:  proj^^iea:*  giysal.  (’iS  Iwd/  «sight> 
failed  t*!  show  arrj  AtCfereaca  bet'j.-en  t.aoBB  icept  near  37*  anU  thoae  cM/.led 
so  that  their  te*sper«tt:re  dropped  al-'njt  6®  C.  In  the  case  of  male  mies  pr^s- 
treated  (20  aiautaj)  uith  PA?P  ard  tl-.eu  girren  81*0  r  the  thir1v*<^  aurwlvil 
for  tho  warm  (3£''  C.)  and  the  ec?i  (ahoat  31®  C.)  were  both  6/12,  In  Iha  case 
of  fanalea  the  eorreanondlng  atarriTals  were  2/12  and  6/^  rzEgesting  a  slicht 
benafj.elal  effect  of  cold  in  this-  case-  Another  eycerinent  using  70C  r  ga«o 
6,^8  and  0,^  sarrirlng  for  those  at  3'<®  C.  and  31‘'  0,  respectlTely.  Koto  th'st 
elsewhere  in  this  report  reiulta  with  aerotsalr.  fsil  tn  st.oir  that  decrease  in 
bod]r  teisperature  at  the  time  of  radlitlcai  incrtnsea  protection.  It  should  he 
erapiiaslsed  fiat  these  irellednarj  results  are  ieadeonate  to  dxw  say  concla- 
alons. 

Sffe-rt  of  erytroginent.ll  temperature  on  tocdclty  of  ASTand  HEA.  Iho 
therapeutic  ratio  c.^'n  be  inoreissd  isitbir  by  Ir.oressing  the  proteetivo  poewr 
of  tho  drug  or  by  decre.islng  the  tocdcitar.  The  following  ahterwatioBS  mr 
eaat3d.hute  towards  the  litter  gcal.  Saao  nrellminatry  eJtrerisBtrks  oa  the  offset 
of  ecwirenagntal  temperat'irc  on  the  toaloity  of  AST  and  MJl  ai-e  glraa  la 
Table  1.  The  aziinals  given  A£T  at  30®  C.  were  kept  in  a  soostast  tesaperatwe 
boB  far  thrcB  hours  or  lor.^^,  then  carefully  transferred  to  cages  which  were 
kept  fairly  elude  to  30*  C.  for  a  week.  Host  deaths  occs.Ted  withla  tbx’se- 
bonr  pariodf  there  being  idmost  no  deatlis  after  the  flr^t  dgy.  The  aetw ta 
giren  .MiT  at  19®  C.  were  leapt  at  this  teapsr-.ture  for  1»2  hours  ta  astaJ.  e^w«> 
sltb  ono  etc  two  .ini mala  to  th^^  cege.  Thsr  uere  then  traosferrsd  to  tbs  eatmX 
quarters  (20  to  'id®  C.).  At  ths  highest  dose  moat  deaths  oocnirred  <a  ths  flrrt 
diV  while  at  the  louast  does  nest  deaths  ceeiirred  on  the  third  dgy»  Xm  tbSa 
latter  eise  tho  snl'Uils  Icrc  tesiperatupe  aid  thooc  failing  te  recower  tsjupmre- 
tore  control  'ey  th«  second  day.  were  likely  to  die  scon  rftcr  being  placed  Ir 
groups  in  a  sli.'lrily  warmer  pluce.  The  lata  Indicate  that  the  U)5;)|  at  30®  C. 
la  about  1*20  mspn./V^.  while  at  19®  C.  tiic  yal-ie  is  .’Vnrt  ?S0  arm-.^gm.  lu 
the  fonaer  crao  the  «nlwus  c.  .  not  be  haidled  to  ery  extant  or  they  will 
conTulee.  There  are  some  Irdlc-itlons  that  by  keeping  them  ecol  at  first  tbsy 
can  be  handled  with  lese  risk. 

In  the  cans  cf  th?  d.Ttn  cn  K  A  the  animals  wers  treated  the  saw  as 
these  glTsa  A£7  except  thrt  th»y  ^cre  kpnt  at  30®  ?.  in  the  eonatant  tanperu- 
ture  box  for  a  ^vinla’an  of  twelTo  Kczrn.  Tha  aaiaals  given  '’Si  at  C  wer-i 
leapt  at  this  ttirntrature  for  shout  four  hours  ther  left  in  »  '~c‘95  y*  . .  .  tsiipera' 
tiare  rsnglBg  from  2C  to  ’S®  C.  The  data  in  Table  I  indicate,  that  ths  «t 
30^  C.  Is  bbept  380  rngfluArm.  wbils  at  22*  C.  it  is  about  SjO  mijs  *Vgn.  The 
▼slue  St  22  dtprswe  la  not  necsssartly  +.ie  iolni.sur.i  valum,  t,iou<rn  aresuimitly  j-.t 
subsientlally  lower  tesposratures  tbs  toxicity  is  inersas^. 

Ibe  sbOT«  reacite  imHeate  the  ii^ertant  that  savtrcasamtsl  terpacc* 
tars  SSB  plbf  la  tbs  teoisltr  «f  tbsse  drugs.  iioU  tbet  both  arodauu  prooeut.'Qud 
leaa  of  taagemtars  saatrol  «Meb  asy  aeceatnata  the  affect  of  eoeirtMeeBtsl 


^  MmwaC  jAm  rspfin^  laaa  tbs  sMUty  to  control  body  taupsraturs.  liaueuro 
to  aar*  tki*a  6OO  rosatgn  toads  ta  ceatarict  this  effect. 
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2.  Starred  Anlaols  kept  at  normal  body  temper .lUire  ai*o  raoro  tjc*'8ltlvo  to 
x-raye  than  ai’e  those  which  are  allowed  to  lose  l«dy  tempcr^tcre-  Tnis 
effect  is  soon  at  expoaurea  from  5SO  to  800  i - 

.)•>  Animals  Rlvea  protootive  doses  of  a  number  of  protecti.nz  drOKs  uU  shr^od 
loss  of  temperature  control.  K-'et  of  the  drugs  J.ndi«ntBd  a  stjirt  tovaru 
recovery  of  lost  temperattire  at  two  hours* 

li*  Environmental  temperature  has  a  pronounced  effect  on  thn  t.ojdcity  of  AET 
and  HEAi  Changing  thu  environmental  tempera ^we  from  19  to  30°  0.  in¬ 
creases  the  LDjq  for  AET  by  abouc  6C?>.  Changing  the  environmental  tempera¬ 
ture  from  30  to  22^  C.  inoraaijas  the  ID^q  for  MEA.  by  about  li5^* 
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I-  Stu^ta  on  ttia  cf  lUdl«tlon  tc  Death  ««  *  Wemr  tf 

tT«ia«tly{  the  £f?ecta  a/  FraeUcnttion  Protection 'mt 
I  ^Mlepro^ctiv  Agaif  cn  tiie  Life  Spen  ~ 

IrreUteted  klce 
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Thia  c'wcernai  Pralisit navy  atudlas  todetaralne  the  median 

auiTlval  time  of  mice  given  radiation  expoanree  wder  rarylng  conditions  and 
atibse^nently  exposed  to  dally  gaMU- irradiation  at  a  dose  rate  of  2ii^  rep/ 

week . 


laatadlate  or  ultlaate  appltcatior,  of  the  reaulta;  It  la  anticipated 
that  the  tac^iquea  deacrib«<i  in  .this  report  will  permit  a  more  rapid  erald- 
atlon  of  the  effects  of  fractionation,  protraction  and  radloprotectlTe  agentu 
on  the  reeldual  Injury  following  tc-llatlon  exposure.  Since  fewer  anlmale  and 
considerably  less  time  are  required  in  this  procedure  for  obtaining  lifa  spar, 
data,  the  evaluation  of  the  Terlooa  perimeters  laAnenclng  chronic  irrediatlor. 
etudiea  ney  be  feellltated. 

••••#««• 

Protrlosui  studies  in  this  leboretcry  (1,2)  hese  aoeonetrated  that  dolly 
radiation  to  deatti  at  the  rate  of  liO  r/dUy  (whole  body  x^’liTsdlatlon)  beginning 
three  to  f  our  weeke  af  ;er  a  primary  or  test  e>ooeare  can  be  uaed  to  ootclo 
compv"atlve  'Jaca  on  the  li.f*  eoon  sl'orteiilng  urodiicad  by  the  primary  ladleticn 
axpoaure.  This  procedure  is  sliallar  to  the  spllt-doee  technique  except  that 
the  second  doae  of  radlaticn  is  replaced  by  dally  radiation  to  death.  Ihe 
reeldual  injury  is  estimated  on  the  baala  of  the  shortening  of  the  median  sur- 
Tlral  time  rather  then  by  determining  the  ehlft  in  the  LCcq  of  Uia  irradiated 
animals  'Jalng  this  technique,  Itwaa  found  that  »-ray  doeea  of  ICXl  r  ta  UOO  r 
produced  a  decrease  in  the  Sfjn  of  152  to  J7X  and  Uiat  the  effect  was  relstsd 
to  the  test  does  administered  (1).  Furthai’  studies  demonstrated  V  '  tlie  pro¬ 
traction  of  the  test  dose  through  twenty  days  reduced  the  effect  on  the  STcq 
by  nearly  3jt  and  that  the  effect  of  protraction  was  independent  of  the  eisa 
of  the  teat  dose  within  the  range  employed  (2).  Since  these  etudiea  Indicate 
that  life  span  ahorteuing  nay  be  inreatlgated  by  this  procedure  and  that  nodi 
ricatlon  of  the  test  doee  can  be  detected  and  onantltated,  it  vma  of  Interest 
to  investigate  the  effects  of  some  of  the  rsdloprotnetlve  agents  on  life  apac 
shortening.  For  these  stmdlee  mice  warm  exvos.xi  to  radiatioi:  doe  which  wtuid 
be  expected  to  produce  minimal  acute  radiation  mortality  and  ths  ST.>q  of  the 
treated  cnlmals  was  compered  with  that  of  untrestad  eontrcl  groups.^  Since 
cobalt  60  facility  of  this  laboratory  la  moio  3uisabi.e  for  atudlaa  of  this  t  e, 
all  of  these  studies  huve  beep  conouotad  oslng  gamma  rather  than  x-ls.aaiallor, 

Tn  addition,  studies  are  In  progress  to  compare  the  effect  of  10-dey,  2ii-djy. 
UO-day  and  SO-dgy  protractlcn  of  the  redletlon  c'-ie  on  the  STcg  of  gemae 
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Irradlatwi  lalca.  Sincn  conaidereble  ini'oraatlon  on  the  erfcctr>  of  dose  pro- 
traction  ha»»  been  obtained  In  thla  lati'.ratory  anl  li*  others,  the  validity  of 
the  praaent  technique  can  be  verl.fied  fron  these  etudjeai  this  wovld  be 
j'arliitated,  howoveri  If  Ijifomatlon  on  the  Ii25o  f®**  P^atracted  radiation  ex¬ 
posures  laider  our  experinontol  conditions  vevc  avallablce  Ihe  present  rencrt 
contains  the  results  of  Boveral  preiAinlnary  sludica  to  obtain  this  infor- 
aatlon. 

Materlela  and  Hethodev  >dult  Pale  and  f  •lole  CF3.  »ice  v»er«  e89>l07ed 
for  these  stuHIea'o  'ki>e  •nlia3\a  verc  *11  nppwXiWrttol}'  sixty  days  of  age  at 
the  tiae  of  the  flrat  radiation  exposui'e  (primary  dosB)<  3a th  the  control 
and  experimental  groups  were  sel*et>d  froei  single  shipraents  of  alee  In  order 
to  alnlmlae  variation  in  age,  weight  and  general  physical  condition-  The 
aninala  were  housed  in  stainless  steel  nesh  bottom  cagas  and  pro-.'lded  tilth 
food  (Rockland  Mouse  ®e\leta)  and  water  ad  libitum  throughout  the  Btuc^« 

Each  group  contained  originally  sixteen  anlmsls  divided  into  tuo  groups  esch 
of  whi  ch  was  ho’ised  separately 

The  radiation  exposurec  were  aduinlstered  in  the  cobalt  irradiation 
facility  of  this  laboratorj'  (3)  end  the  distance  of  the  nice  from  the  10  curie 
source  wus  adjusted  no  that  the  dally  irradiation  was  given  at  the  rate 
of  5-36  rep/minute..  Since  the  mice  were  exposed  for  seven  mlnutee  each  day, 
six  days  a  week,  the  total  wookly  irradiation  dosage  was  225  rep  of  whole  body 
garrna  irradiation^  The  ?tiica  were  Irradl-ated  in  individual  plastic  tubes  which 
were  placed  in  a  circle  l.aving  tho  source  as  its  center.  Dosimetry  aeasurementa 
were  made  at  each  animal  expoturo  position  using  a  25  r  Victoreen  Ionization 
Inimble  provided  with  a  0^5  ’nm.  lucite  cover  snd  It  was  found  that  there  waa 
no  significant  variation  in  the  dosage  rate  received  at  any  of  the  Irradiation 
positions/  The  duration  of  each  daily  exposure  was  controlled  by  means  of  an 
inteival  timer  which  actuated  tiio  elevating  mechanism  for  the  source  and  in¬ 
sured  the  accuracy  of  the  radialion  exposure  period  to  less  than  one  second.. 

The  environmental  temperature  of  the  Irradintion  facility  was  laaintaincu  ce- 
tweer.  75®  F'  and  00®  F,  and  +'t  same  ‘emperalure  was  maintained  within  the 
onimcl  rooms  where  the  edeo  ••icre  kept  between  radiation  expos’ires- 

To  determ.tne  the  effect  of  jjretresting  tho  animrlawith  radlopix>tective 
agents,  gronpc  of  sixteen  male  mice  were  given  the-  following  compounds  ten  to 
fifteen  minutes  prior  to  the  adminietr«tlon  of  the  test  radiation  dosei  2-aminc~ 
ethyllcothiuroniuiii  (225  mgm./kgm-  of  d'rhlori  v.  salt),  p-aminoci*oplophenone 
(30  ).•  eerot^nln  (IX  tho  creatinine  sulfate  r— 'lex)  and 

hydroxyacetoultrlle  (6.,C  mga»Aen>)<  The  nice  were  then  exposed  to  the  test 
rad.iatlon  doses  of  Id)  rep  through  1,100  icp  of  whole  body  geisnia  irradiatioiu 
Control  mice  (Injected  witi;  the  vehicle  or'.ly)  wers  siTUltansous?;/  expoced  to 
radiation  dosss  of  IOC  rep  to  600  rep  and  the  treated  and  control  groups  0.? 
mice  were  then  rermitted  to  recover  for  four  weeks  following  which  time  both 
groups  were  exposed  dally  to  37-3  rep  of  g&Eaa  rsdtatlon  six  days  .'t  week  until 
deathA  Mortality  observe tions  vr.vm  made  daily  bid  orobit  mortality  ..lots  weis. 
eonslinicted  to  determine  the  CTgg  for  each  of  the  control  and  treated  groups. 

To  investigate  tho  erfecta  of  p.-vitractlon  o/*  ti;e  realdaal  injury  and 
recovery  rate,  groups  of  twelve  female  mice  were  Riven  rcdls.tlon  e.xao.t.v<:'  e.-5  of 
107  rep,  21I1  rep,  322  rep,  li2?  rep  and  536  rep  adrainl ctered  (1)  as  a  a.tnglo 
raaiatlon  e.rpoacre,  (2)  ever  a  period  of  ten  days,  and  13)  over  per '"is  of 
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foi^  «ri  (1j)  eighty  d<ura<  Sie  idc«  In  each  c.^  tii«<9e  foor  gronpa  v«r«  al^ 
lowotf  ’’’•eormr  Ter  Tour  vr^a  /allowlxig  their  last  rar^'latlon  axpoanrfl  and 
ware  than  frlaan  chuil/  radiation  xo  deaU'.  l:i  tha  stM  Manner  as  daacrifc&u 
abora.  hn  liAdltlwal  eontral  gm  n  of  aica  ahlch  racclvi^d  no  t:jit  daaa  ol 
radlatlra  vaa  alao  Inolndad  to  tlicaa  atudlaa.  ‘0am  nadloa  aanrlval  Una  for 
aaeh  of  thaaa  groapa  was  than  woarjMtad  aalng  problt  aortalf  plots.  StO' 
tiatieal  anal/aia  of  tha  aorrlvsl  data  waa  than  carrlad  o&t  according  to 
nathoda  pravlovljr  daserlbid 


SaporlBontal 

Pea  of  tha  daily  irradiation  to  death  t»:hnici-.ts  to  araloate  tha  rasl- 
dMl  Inittry  tn  mlee  ■nwp^ad  lo  v'tfloua  lioaaa  of  Aola  t>oijy  gawaa  irratilatlon 
with  and  without  tha  prior  acbifiiatratlon  of  vaiTous  radlTOrotaedlYa  agants. 

^or  £liaaa  atudlaa  groups  of  Rica  (each  of  which  contained  sixtoan  aninala) 
wara  giran  protactlr*  doaaa  of  Z-afclndathjrllsothlnroniua  p-aalnopro- 

piophanona  (PAPP),  h^droigracatorJltrile  (HAH)  and  aerotonin  (^"RT)  Inaadlataly 
prior  to  the  adtalnlatratlon  of  single  whola*body  gaua  axppoui'oa  of  100  r  to 
1000  r  and  after  a  delay  (recovezy  parlod)  of  four  wseka  ware  Irradiated  dally 
wtll  death.  A  slnllar  group  of  aixtaan  aica  were  Injected  with  tha  auspend- 
Ing  Tehlcle  for  each  o.V  tha  protective  aganta  and  irradiatad  siaitltancoualy 
with  tha  treated  mica.  Tha  control  group  of  nice  for  theaastudiao  received 
no  prleuiry  dose  of  Irradiation  but  were  started  in  tha  Irradliitlon  to  death 
cycle  at  the  same  tine  is  tha  traatad  aid  izradlatad  groups.  Unfortunately  it 
has  bean  necessary  to  repeat  tha  irradiation  to  death  in  tha  control  group  (Or) 
due  to  tha  accidental  lose  of  nice  fron  several  of  thaaa  groups  and  haica  tha 
rasulte  of  tha  repeat  axca/iiient  are  not  yet  coapleta  aid  tha  survival  data  on 
these  anlnals  iu  not  included  in  tha  graphs,  the  results  of  tha  stedias  in  tha 
raaalning  group  era  shown  In  flgurta  1  through  5» 

In  Figure  1  la  show.,  the  afiact  of  Ineresalng  doaaa  of  ganna  Irradi* 
ation  on  tha  survival  of  mica  axpoaed  to  dally  gaana  irradiation  to  death.  Half 
of  tha  nice  exposed  to  500  r  and  700  r  of  ginna  irradiation  died  within  tha 
U-waek  recovery  period.  With  the  lower  doses  of  prlnaty  ganna  irradiation 
there  waa  a  shortening  ot'  the  median  surfival  ti;se  which  waa  related  to  tha 
aagnltuda  of  the  orlmaiy  radiation  dose;  A  probability  plot  of  the  number  sur> 
vlving  against  tha  days  of  aucesaslve  daily  irradiation  provided  an  ot 
lit. 3  weeks  for  the  mica  given  100  r  in  the  primary  dose,  12. y  weeks  tor  the 
200  r  group,  12.5  weeks  for  the  300  r  group  and  11.0  weeks  for  the  1»00  r  ^.-roup. 

In  Figure  ?  is  shrwn  the  eur^^vai  dita  obtained  in  mica  which,  were  given 
6.0  of  hydro]yac€tonit.rile  prior  to  the  administration  of  the  prlnaiy 

doaa  of  gasma  irradiation.  Tha  ability  of  tills  eomoomid  to  protect  against  tha 
aouta  lethality  of  whols  body  x«lrradlatlon  la  nudent  in  that  tha  ■ninala  f- 
posad  to  500  rand  700  r  exhibited  a  mortality  ot  12Sand  IShC  respoctivaly 
whereas  tha  control  mice  given  these  doeee  of  t'enaa  lrradl<it  ion  exporlenctd  a 
■ortellty  of  nearly  50)(.  Tha  range  of  radiation  doaaga  Isvals  aaployad  for 
these  atvdies  ia  not  8Uffl.,ifer.viy  l^rga  to  pemit  tha  caloulation  of  dree  ra« 
dnetlon  factors  based  on  the  30>day  rwrvall^  but  it  might  be  eatlmatad  frea 
tha  avallabia  data  that  the  KAN  administration  r«<hi..ad  the  radlatlo..  ooaaga  by 
about  half  i.n  tanu  of  the  scute  lothallty.  Snbaaquont  expoaura  of  these  animals 
to  dally  gaiuia  Irrodla  uon  to  death,  however,  does  not  provide  any  avldanca  for 
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proUetlv*  nri*toto  \U'e  span  iilwrinfiln.-*,  I’roblt  .;ort«Vly  pXota  o* 

th0  dttft  innlttdi^  in  i.hl8  IntiietVJd  that  tl.h  ’’T^o  jjivstt 

100  r  of  gwan  Irmdl&Mon  war  Bpnroxlnately  ?*vJ  wre'.tM,  that  of  th*  »tco  ox- 
poiod  to  jOO  r  wt*  9*0  weoka,  mO  that  the  PTtj  of  tl:e  alee  exposed  to  J>Cv  r 
and  TOO  r  of  fnao  Ln'idiatlun  vaa  (1*5  wad  6*i'  wookc  re:»p»-'»tlvBlv.  Thno  tftt 
nidion  ounrlvol  tloe  of  olce  tr::atr«>  Nith  }\/dt‘j.\ynuoUMilirXle  prior  to  tho 
•dolniotrotion  of  various  primary  radiation  exooBuroa  lo  shortoned  in  con- 
porlaoft  to  that  of  snlmnls  gi\vn  thn  naun  rsdlntlon  doaos  without  tho  pro* 
toetlvo  troatmontii  Thoso  et.udlfrs  would  uu^gwiit  that  although  1IA31  io  of* 
foetivo  In  rodoolng  tt»o  3<Vd:ty  nortflity  of  whole  oody  -adiotlon  oxpoeurot 
it  does  not  prevent  the  dircnic  IrraJiotion  of frets  of  radiation  exposure 
(ot  lent  in  so  far  as  life  span  sihrrteuliig  is  ondicative  of  suoh  effects)! 

Figure  3  is  seen  the  reoul.tB  of  olnilsr  sYt^orlsiante  carried  out  to 
evaluate  the  ability  rf  t>-f^ninopropiophonone  to  provide  protection  agalnat  the 
thortening  of  the  life  epon  by  whole  bod/  radiation.  The  ability  of  PAPP  to 
partially  protect  against  the  ncute  lethality  of  vthole  body  Irradiation  is  ovl- 
dont  when  the  mortality  of  tlie  PArp>tre.ited  onls  als  is  compared  at  thirty  days 
«1^  that  of  the  oontrola  given  the  arutr  radiation  doses »  However;  the  STcq 
of  the  PAPP-treated  nice  subjected  to  the  dally  irradiation  to  death  technique 
was  not  as  long  ae  that  of  tlie  control  anlnalj  given  comparable  doees  of  radi¬ 
ation  within  the  protective  trcat.'isnt.  Thun«  the  ST^'q  of  the  mica  exposed  to 
a  primary  dose  of  1£)0  r  rjTtar  the  PAP?  treatment  was  12  Ja  weelee  end  tte  PAPP- 
treated  nice  which  recoi’.'od  a  primary  dose  of  200  r  exhibited  a  median  survival 
time  of  10«0  weekSc  ST^q  values  of  ?.o  and  9«2  weeks  were  obtained  In  the  adee 
which  were  treated  with  PAPP  and  then  given  primary  radiation  doses  of  300  r 
aed  $00  r$  It  Is  evident  from  these  results  that  PAPP  la  capable  of  protecting 
Irradiated  mice  egalnst  some  of  the  acute  lethal  effects  of  radiation  exposure 
but  that  it  does  not  prevent  the  life  span  shortening  associated  with  radiation 
exposure . 


Radl'ition  dosage  levels  of  100  r,  200  r,  $00  r,  700  r.  900  r  and  1000  r 
were  used  to  invotlpate  the  r'-iiity  o?  AET  to  prevent  life  spen  shortening  in 
irradiated  aloe.  The  rosuT.ts  of  these  studies  are  che’.-fn  in  Figure  h..  The  marked 
radioprotective  ectivlty  of  this  compound  agairat  the  acute  lethal  effects  of 
radiation  exposure  Is  evident  when  the  mortality  of  the  AET-treated  mice  ia 
eoB^nred  wltii  that  of  the  control  irradiated  gronps  at  thirty  doys  fJ’ter  the 
irradidtlon  exposure*  From  th«i  restiltn  presented  in  Pir'iu'es  1  tnd  li  it  can  be 
eetiented  that  the  AET  aaninlstratlon  reduced  the  effective  radiation  dose  by 
about  /.Ithcugh  the  survival  data  ore  still  ii.ccnpleta,  it  appt;.-.,  ;hat 

the  AJTi  adraifilatratlon  also  caused  some  orolonnotlon  of  ths  median  rur'.dval 
tlittc  viien  th»  animals  »iere  given  daily  irradiation  to  deaths.  In  the  animals 
which  t'ere  t.^’eated  with  AET  prior  to  a  nriaary  raul;;lion  e:cpos\ire  of  100  t, 
the  STjo  15»2  days.  Posaije  levels  of  ?.00  r,  $00  r  and  70C  r  of  garaia  Ir- 
'radiation  resulted  in  STjq  valuea  of  1U*9  weeks,  13" 0  weeks  and  13*3  weeks  In 
the  AST-treated  animals*  The  effective  dose  repMotion  factor  present  under 
these  cxperir*3ntvl  conditions  cannot  be  detemiaeo  at  present  since  .jruffl- 
dent  mortally  data  has  been  accumulated.. 

All  of  the  groups  of  nice  which  wero  tr-oted  vj.tn  serotonin  prior  tn 
tho  orlnary  radiation  exposure  exhibited  early  mortnlity  duo  tr  tlie  rheniLuel 
toxicity  of  the  drug  «id  it  will  be  necessary  to  repx.',  :.  these  studiea  vsi.ig  a 
If-wnr  dosage  I'jval  of  serotonin/-  It.  can  be  seen,  heuertr,  from  the  res  jlts 
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prmanUd  in  rigure  $  that  th«  ST^q  tha  aarotaBin-tTeatad  «iea  glvaa  a 
prliaaz*  radiation  axpoaura  cf  ino  r  v&s  a3»o^.  thl^taen  vtika  and  that  tha 
Mdlan  anrrlval  tlaa  of  tha  alea  aopoaad  v$  JOQ  r  ’prlMUT’  nactlatdca  doa* 
«M  aboat  twlva  na^a.  Dias  It  would  ^psar  oa  tiw  basis  of  tbsss  atadtss 
tbst  aarotonln  ackaialstratloa  doas  not  prswant  lbs  Ufa  afian  shortaniag 
following  riaiation  aapoanrc  la  aiw*. 

Tha  rssttlts  of  tbs  stadias  iaelodad  In  this  raport  aro  ijrsllainarjr 
and  additional,  stadias  aro  la  progroaa  la  which  a  wldsr  rango  of  dnsago 
IsTOls  ara  bslag  tostsd.  Analjrala  of  th«  llfa  ^paa  ahortaning  data  fm 
thaM  atudias  nd  tha  additional  atndlss  in  pregrasa  auat  await  tha  accista' 
latloa  of  aortalltf  data  froa  tha  0  r  control  groups-  It  la  possible,  how> 
auari  to  obtain  sons  Indication  of  tha  of  facta  of  thaae  protaotiva  ^«nta  by 
platting  the  aadlan  surrlval  tlaa  of  the  traatad  and  control  grojps  against 
tha  nrlnary  Irradiation  doaage  loaal-.  In  flgora  o  la  ahewn  tha  resalts  ob« 
tainad  with  tha  protaotiva  agents  fk?f,  HAN  and  AR.  It  can  be  aeon  that  tha 
doaa  rosponaa  eorvas  ara  approxlBaUly  linear.  It  is  also  svldant  that  tha 
traataant  with  AET  prolonira  the  life  spaa  of  the  Irradiated  aloe  at  all  of 
tha  doaaao  lorala  oaployad  (prlaaiy  irradiation)  while  traataant  with  either 
PAPP  or  HAM  ahortan  tha  nadlan  life  aoan  of  tha  Irradiated  anlnala. 

Iff  act  of  PTOtractlon  of  ^a  prtoary  radiation  aapoawra  on  tha  nadlan 
an^wil  tlaa  of  ai^ala  given  dalW  radiation  to  daath.  Thraa  aeriaa  of 
ilaala  ware  Incladad  In  ttaaa  atamaa.  Each  aarloa  eoatalnad  fl.va  groepa  of 
twalva  faaala  alea  uhl'^  ware  glean  total  prlaory  radiation  axpoauras  of  107 
rap.  Sill  rap,  32?  rap,  U29  rap  tad  536  rep  of  uhola  body  gsaas  Irradiation . 
Sarlaa  A  racalead  thaaa  dosaa  la  a  pariod  of  tan  daye,  sarlaa  S  raoclvad  tha 
aana  dosaa  orar  a  pariod  of  forty  digra,  sad  sarlaa  C  wars  glean  thaaa  radi* 
atlon  axpoaurea  In  a  oarlod  of. eighty  d^a  PoorwaAa  aftar  tha. last  radi¬ 
ation  axDoaura  all  of  tha  aaleuila  ware  atortad  on  ths  dfilly  rodiailen  to  daath 
prograa  at  a  doaa  rate  of  37-5  rap/day  for  ala  dagra  ■  waakgleing  a  total  weak¬ 
ly  radiation  doaa  of  225  rep.  At  the  preeent  tine  theec  aniaels  haee  ecew.a- 
leted  ebout  ten  weeks  of  cSal'y  radiation  and  asrtelity  la  bsglnnlag  tc  appear 
in  the  groups  ihlch  ware  gleen  tha  largest  priaary  radlatloa  expoaorsa.  Siaos 
there  ie  little  dlfferenoe  currently  between  tha  10-  nd  UO-day  protraction 
aerlee,  it  Ij  '.pparmt  that  My  eeeluetlon  of  the  protraction  effedta  an  pra- 
natora.  the  atetlatlcal  analyola  of  the  nortellty  data  f;'sa  thaae  atodiaa 
will  appaar  In  oubsaquant  raporta  frow  thla  laboratory. 

In  t''dltion  to  invaatlgating  tha  aflaeta  of  protraction  by  **■  ■sis  at 
tha  daily  rallatlon  to  daath  proeadnra,  atodiaa  haea  alao  baaa  initiated  to 
dataraina  tha  LDfo  frr  protracted  giawa  radiatlen  aspeauraa  in  tha  hope  uist 
thla  Infonutlon  can  ba  naed  to  aealoata  tha  ealidily  of  tha  raoiatlon  to 
death  tachniqua  ao  a  aaana  for  aaaavring  raaidwal  Injuiy  la  chronically  ir- 
rsdlatad  aalaela.  for  thaaa  otudtaa  gro^M  of  aala  and  faaala  alea,  aaoh  of 
wbioh  oonaiatod  of  16  or  32  aniaalg  wore  aacpoaad  ta  dally  doaas  of  ^  rap, 

100  rep,  120  rap,  130  rap,  IhO  rap,  150  rap,  l6->  rap  and  180  rap  r*  gmm» 
irradiation  for  a  oarlod  of  tan  da^  and  tha  aorULlty  roaordad  during  tha 
sidaaquant  30.day  period.  The  raaulta  of  thaaa  etsMtaa  ara  shown  in  rigurt  V 
in  idiloh  tha  par  cant  nortalite  (in  erobita)  at  thirty  days  la  platted  againr 
tha  leg  of  tha  total  radiation  doaa  ads<tnlatared.  lha  IDcq  under  thau«  axperi.- 
nanul  oonditiona  waa  found  to  ba  1350  rap.  A  sweond  aariaa  of  fire  yroupa  of 
niea  haa  be^n  glren dally  radiation  doaoa  of  50 rep  to  100  rap  far  a  pariod  of 
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forty  <'?ja  and  th<j  suba^ouMt  Bortaiity  wlthl;i  tiilP  Btuup  datsaUawd  daring 
the  jO-day  iiarlcd  relio*'lr.g  th«»  lut  radiation  axpoaure-  <ih*  radiation 

was  protracted  over  ‘  of  forty  dgie,  tba  LD50  «toae  waa  found  to  V>»  ln» 

creacad  to  zbout  21  '  tt.  rd  aerlas  la  currently  in  prcgreaa  In  which 

the  prctraetlon  period  *.  j»iy  diya.  Prevloiia  a  tudlm  hava  Ir.dtoatad  that 
the  LDjo  for  slngla  dosi.»  ci  tdicla  body  gaana  Irradiation  undar  alnllar  ox- 
perlnanul  eondltlona  la  about  VJO  rep.  It  la  ^parent,  therefora,  that  the 
affoet  of  the  protraction  of  tha  radiation  r*r.oaure  can  be  Quantitated  In 
terns  of  the  protraction  interval  and  that  thaae  resulta  can  be  iwed  to  do- 
Umine  idtether  the  protraction  ef facta  resulting  fro*  tha  daily  radiation 
to  death  procedure  are  alnllar 


Dlacuaalon 

It  la  genarally  concliidad  that  following  expo  aura  to  either  acute  or 
chronic  radiation  Injury  in  naMuls,  there  la  a  residue  ef  Injury  which  la 
indaoendent  of  tine  md  paralsta  throughout  the  eubseouent  life  of  the  aninafa 
resulting  In  a  different  nean  physiological  state  In  the  irradiated  than  in 
t?.a  control  aniiaala*  Since  nertallty  can  be  considered  to  be  an  axpreaaion 
of  the  naart  physiological  state  (U.S),  then  any  function  whl'"'  providea  a 
linear  expreaalon  of  population  aurvlval  should  be  displaced  by  a  doae- 
dapnndent  amount  whlc»;  would  be  equivalent  to  the  Irraparable  dmage  from  tha 
'•adtrtlon  expoaure>  It  noat  be  aaaiaaed  in  applying  this  theory  that  every  In- 
crencnt  produces  an  e'fact  that  la  independent  of  other  Incroaients  ao  that  in¬ 
jury  fron  more  than  one  exsoaure  is  expreaaad  by  tha  aua  of  the  raaidual  injury 
frcw  each  ir.dlvldual  exposure.  Whan  tha  expoaurea  are  given  anffleicntly  close 
^S*^**"*  respofise  will  be  dependent  on  ell  of  the  dosis  Increawnts  and  jn 
the  tiM  Interval!  between  Increnents.  Shortening  of  tne  ween  life  span  ee  a 
late  effect  of  radiation  expoaur#  to  dosage  levels  which  fall  to  cause  a.'  t* 
■ortality  is  vldslj  used  aa  a  neana  for  evaluatii-,g  the  residual  damace  from 
both  acute  and  ^ronlc  rad.^ticn.  Such  studies  are  tlao -conauBdngt  howsver, 
because  of  ^a  long  latent  period  between  the  radiation  exooaura  and  the  do- 
velopnent  cf  the  late  effects.  Ihe  split  dose  technique  providea  a  nethod 
for  estimating  the  residual  dsnage  wlthcat  waiting  for  the  development  of  tne 
late  effects-  Aa  generally  used  this  prccadura  attempts  to  evaluate  tha  resi¬ 
dual  damage  by  naasuring  tha  amount  of  additional  rsdletlon  re.-;ulred  at  various 
Intsrvalci  the  original  rfidlatlon  uxposurs  to  produce  ■ortallte  (ar-ute 

death).  This  technique  has  bean  used  by  aaver*.!  inveetlgaiors  (6,/, 0,9)  xc  . 
tain  Information  on  residual  injury  fiom  single  and  fractionated  radlatlin  ex 
poaurs  and  to  calculate  recovery  rates.  In  this  type  of  study  tha  mesa  or,,  men  t 
of  tha  additional  radiation  required  .fnr  scute  deatti  is  ofion  wads  by  da- 
tmrwlnlng  the  W$o  of  tha  Irradiated  anlaala  during  tha  latent  period.  Since 
this  raqulroa  rather  large  groups  of  anlaala  for  precise  eatimcrlon,  it  app#;ared 
to  «a  that  the  sane  sort  of  Infonaatlon  couid  ‘"e  obtained  with  fc'<er  mice  b 
^nj  the  anlmala  dally  rcdlstton  to  death  rather  than  single  radiation  ories 
^  ua^  the  median  aurvlval  time  aa  the  reaponac  rather  than  the  LDcn  rr’era. 
PrsltmlMiy  atudias  (1,2)  damonatratad  that  tha  daily  dec*  rrreadwa  cai.  oe  -..vi 
5®  1^0  she*- .ailing  tlfeet  ef  various  doaas  of  radiation  sr.i  tha 

tha  method  is  senaltlva  enough  to  provide  infoniation  on  ilia  affecU  of  fractio... 
ntion  and  protraction  of  tha  radiation  expcsui'*. 

^  It  wa.-  cf  111X01001,  therefore,  to  determine  idMthar  thle  technique  would 

4*Sw  be  uee  il  in  providing  Information  on  the  sblllty  ci  radioprotective  agent.^ 


to  pravent  the  *ate  el'feote  of  .-odlatlen  expos’ure  («!OUmlng  that  life 
ahorteriing  is  In'ilcatlve  of  such  effects)-  The  reuults  of  these  atudlcs  indi¬ 
cated  tlir.t  the  Tudioprotcctive  agciita,  p-amlnepropi.ophenone  and  h7droxyac<-  to- 
nltrlls,  not  only  foiled  to  prevent  wl'.e  life 'ahortening  in  ‘ironically  irradi¬ 
ated  animals  but  actually  lnoro"?»fid  t.ieir  Mortality  rate.  i:-Ansinoethv1,iso- 
thiuroniua  appeared,  on  the  other  h^md,  to  prolong  scmewhai  the  survival  tisie 
of  the  nice  under  similar  exnerlnehtsl  conditions.  Radioprotective  effects 
against  acute  radiation  injury  (as  evaluated  by  ths  30-day  mortality  foUok'lng 
the  single  or  primary  exposiare)  vere  evident  vith  all  three  of  theso  agents^ 

It  should  be  enphasited  that  Wiese  studlea  arc  prcllr-lna/y  in  nature.  Ad¬ 
ditional  groups  of  mice  are  currently  in  progreas  vihich  prorvlde  Infor¬ 
mation  over  a  Td.der  range  of  primary  radiation  dosage  levels  and  at  several 
of  tho  intermediate  lev<;la  not  tested  in  this  stuc^e  Several  eddltlon- 

al  control  gipups  have  also  been  added  to  the  study  so  that  calculation  of 
tlie  p«i  cent  radustien  in  median  aurvivfl  time  can  be  made  end  used  as  tho 
basis  for  evaluating  the  radioprotective  effects.  One  additional  control 
grouD  of  mice  which  has  been  added  os  tho  result  of  the  present  con¬ 

sists  of  nice  given  the  protective  agents  but  no  primary  radiatJ-on  dosage. 

The  reaulta  of  the  present  study  suggest  that  the  protective  agents  nay  be 
exerting  eons  effects  independent  of  those  influencing  the  primary  radiation 
exuosMre-  If  th<?  additional  stuiles  in  progress  support  this  observation, 
this  vould  indicate  the  radioprotective  agents  may  exert  chronic  or  delayed 
actions  as  ''all  cs  acutv  effects  and  would  be  of  considerable  practical  apd 
theoretical  interest- 


Suaniary 

:jtudieo  liavf  been  initiated  to  determine  wJiether  the  mere  common  radlo- 
;.'r)tocti/e  f'f;ents  are  capable  of  proteclng  animals  ageinst  the  long  teiri 
c. ’fonts  Oi  radlntlon  Jure  (I'fs  suo/i  ijl.ortenlr.g)  by  n-''uw  of  a  modi'- 
f\;ation  of  the  split  dose  technique. 

2.  r-iigle  vholc-body  radiation  exoorure  in  the  range  of  ICC  to  700  rep  of 
ganuTic  Irvadifition  produce  a  Tinker  shortening  in  the  maiian  survival  time 
of  alee  given  dolly  rsdiation  to  deritii  et  p  dose  rate  of  225  r^p/wee^. 

3»  ilie  administration  of  D-f.m'“''proplorhsnono  pr  ior  t-o  the  primary  ""  test 
dose  of  gansne  irradift tion  doer  net  Km-  ect  the  treeted  mice  egcinst  the 
life  shortsring  produced  by  r,  sucseouent  period  of  dsily  rsdlation  tc 
dcitii, 

he  IherJ^  vss  nc  Indication  that  the  prc-irradiatlon  cdninlat.ratlon  of  hydroay- 
acatonltrile  was  capable  oi  preventing  the  Tiff  shortening  effect  of  radi- 
Htior.  exposure  altnough  sibr.iflcent  prot?ctive  activity  againp"'  the  ncutv 
r-idistion  letholity  (30*day/  was  evi.dent, 

5»  Tiier/’  wan  a  small  but  "igr'Ticant  rrolor.gallon  v-i  the  sux  rivnl  time  of 
nice  treated  wlthi  2-aiilnoethyllBotI’iuronlu;'  prior  to  primory  r  tdiciic;.  ex- 
posiiroa  of  100  througli  700  rep  and  r ubnequrntly  giv*’’!  daily  irradiation  trj 
d  vitb-  id-iitional  studies  vhich  aro  current:-,  -n  progreso  will  be  vequirod 
t'j  tc  the  i»..;-;iitudf-  of  thio  effect-. 


6,  Stuulaa  ai-e  also  In  proRr»8s  to  luTeatigato  the  effects  oi'  free iionstlcsi 
anti  protraction  on  the  life  span  of  Irraciaved  aojj-tia  U;C  y  ? 

radiation  to  death  lechnique. 
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II«  Prtlialnarr  Hlatopathologicil  Ky«»riix>tlon  of  tha  TImbu  of 
Hiea  Eapaaw  to  f^eilciutii  ^rradiaiiaa 

0.  TMaellncrltch,  f,  V.  Pitch,  S.  V,  Wlulttr 
«nd  J.  Donll 


'Hila  report  ^’onornat  Hlatopcthological  findings  In  tha  tlssnsa  of 
sale  LAP^  tiiea  axposed  io  Chronic  ft'actlaeatad  dosra  of  fast  nautron  lrradt» 
£tlon  at 'dosage  lavala  of  19  rap  to  737  rap. 

Lanedlata  or  tiltlnata  application  of  tha  raaultot  To  prorlda  co«- 
perativa  iniormatlon  coneamlng  tea  ralaFlTa  biological  af facta  reanltlng 
froa  cbrofilc  exposure  to  fractior.atad  gansa  and  fast«osntrob  Irradintloa. 
Lufnmatlon  of  this  typa  should  be  of  value  In  eatabliahlng  aetaal  and 
relative  biological  hasard  associated  alth  tlne-llwltad  axpoanra  to  dlffarant 
tTpes  of  Ionizing  radiation. 


«•#«««»• 

In  initiating  tha  gassa-faat  neutron  Irradiation  pregraa  of  ihla 
laboratory  tho  prlaaiy  purpose  vas  t->  obtain  infbnsattm  on  the  ooaaparatlv* 
affecta  of  these  b#o  types  of  radiation  on  4m>  Ufa  spaa  of  anlnals.  Dine 
only  those  tests  lAiich  did  not  iR.lcra  tha  onlnalo  vara  cai'rlad  out.  The  ra> 
sult.^  of  these  studies  have  been  sunmrizad  In  previous  reports  (1,2,3). 
During  t.he  course  of  these  e ‘Piles,  ^plJ)ala  tdilcb  died  vers  eutopalad  vnan> 
ever  possible  and  the  tissues  prepared  tbr  histological  vcaninati.on. 

The  prsoent  report  contains  the  results  of  our  prellalnai'y  ««!- 
nations  of  tho  tissues  from  tha  nice  vhl:h  vara  exposed  to  various  doses  of 
fraotionatad  faot-nautron  Irradiation.  In  aubsequant  studies,  aiadlar  exaaio 
nations  will  be  mads  on  the  tissues  of  tha  mica  which  were  axposod  to  cm- 
purcMe  doses  o'  gama  irradiation.  It  la  anticipated  that  tbeso  s'  as 
will  parmt  us  to  ovaluata  tha  ralativa  biological  affeetlvsnass  (HBE)  of 
the  two  types  of  rsdlatlon  exponre  ir.  relation  to  tha  pathologleAl  changea 
prodnead  and  that  the  hBZ  vsluaa  thus  obtained  will  aupplenant  tha  previous 
RBE  values  datarainad  in  relationship  to  devalopaent  of  sataraeta  and  the 
shortening  of  the  life  apao  of  tha  anlnala. 

^tarlala  id  Matto^.  Datallad  daacrlptlona  of  tha  gawia  ,iid  fast 
nautron  Irradiation  faellltiaa  togethar  with  infoniation  concerning  the  eall- 
bratlou  techniques  have  appeared  in  psavloua  rsports  The  axperlnenUl 

design  of  tha  irradiation  eirigrttsa  and  tha  vai'lsus  patterns  of  jxractlonstion 
rnd  protraction  «qplayad  have  alao  bean  dascrlbai  (6).  j 

Over  1,200  nala  lAF^  ntoa  vara  anployad  fc:  tha  fast  nautran  trradi> 
atlon  studj'ia.  Tlaauo.  frsn  about  lOM  of  theau  anlula  have  bean  axninad  in 


li;5 

representin-  e^oh  ol  ttm  seven  experimental  groups 
^  lr..>iiile<l.  In  Table  1  is  shovm  the 

rn^ation  dosage  received  by  each  of  the  groups,  the  number  of  arilmals  ex- 
Mlned  from  each  group  and  the  number  of  d«ys  after  Irradiation  at  whict 

**•  groap  at  wiich  the  animals  mre 

!?*  ***  individual  anliula  at  the  time  of  death  and  the 

**  «•"  *>•  fow>*  la  Appendix  T  of  this  report. 

^  expoaurea  to  which  the  ^ce  In  this  stiui^  wore  subjected  were 

f!™  ^  ”P  P**"  ^  aranslo 

were  Ir^lated  for  periods  of  1/12,  1/1,  end  Vi  of  each  of  the  rediaUon 
cyciea  which  cunslated  of  1-day,  B-day  and  9-day  inUrvals.  The  radiation  ax- 
^aures  ver*  protrected  over  touai  periods  of  18  days.  5li  dsya  or  162  days, 

experiwenUl  design  for  the  radiation  program,  it  was 
aeversl  of  the  groups  In  crdsr  to  Investigate  in  greater 
etoil  the  effecta  oi  variation  in  dose  rate,  fractionation,  protraction  and 
to^  dosage.  In  the  present  study  we  have  lld.ted  the  comarisona  to  the 
this  pro'rtdes  the  best  first  approximation  of  the  radiation 
effects.  It  Is  anticipated  that  some  additional  infomaUon  may  be  obtained 
to  further  etudiea  regarding  the  effects  of  frscUonatlon,  protrastlon  and 

larMr*Mn  1®  e«*a-lrradiatcd  gnn^s  since  there  is  a  much 

larger  population  of  gamma  irradiated  mica. 


♦ 


TABLE  1 


RADIATlai  DOSE,  NlJMBai  j»XD  AOE  OP  AlllMaLS  AND  QRCXJP 
UTMBSR  OF  MICE  ElAMINED  BJ  TKB  SrODT 


Group 

>{u3fcer 


Total  Feat 
Neutron  Dose 


I 

II 

III 

IV 

V 

VI 

VIT 


Control 
19  rep 
57  rep 
170  rep 
5lo  rep 
737  rep 
I  To  death 
1(700  to  l,32i} 


Number  of 
Animals 
Examined 


17 

13 

15 

35 

25 

5 


Age  at  the  Time  of 
Deeth  or  Sacrifice 
(fays) 


liiO-736 
52-7  Vi 
29U-5CO 
26.571 
1147-572 
193-31l« 
15U-323 


*’*'*“?  ''•IeJwI  And  prepared  for  hlsto- 

Mth^glcal  examlnaUoni  breln,  aye,  heart,  J'i.g,  liver,  enleen.  '•ymph  nod  a 

kldneyn,  adrenals,  thjnmia,  taatla',  urlnar^ladosr, 
et^^,  duodenum.  Ileum,  colon,  subaMxillery  saUvary  gland  and  bom  nairt« 
^  *?!.•  ^  ttosuca  ware  obtAiaad 

*4  !^'i<ral  buffered  fonialto  was  used  routinely  ss  the  fixative  Ibr  the 
tissues  wh.ch  vere  then  isOtedded  In  psreffto  and  atalned  with  hamatoxylto  «!d 


inai;:..  In  Mor.V5  of  fv-s  tlsaunr.  •.•f'jre  stoinsd  3p>jcia‘i.  irtair.:; 

( Congo-'. -fla  and  v  >.o''.oS'.)  ^.o  il?;»oast?atf;  tJ-r.  p^eoence  of  amyloid, 

•♦rlmciit&l 

Gro\jp  I.  CouV.rol  Anlmala,  Hale 
Hxoo 

Thii  growj  eonv.cinod  aovantoan  The  animals  •reis  kil?  .d 

p(?riodj.c3ily  in  oy<ier  to  compare  tno  tissues  ct  different  cjo.s  vWlch  r5nf;r.d 
from  l!iO  to  73i>  days. 


If.‘.stopat’riol5j:'lc;l  Mndj,;'.i's  In 
Dlffc-rert.  C;r£;finr 

iMXiFtx.  -  our  out  of  oovantn-iJi  -aniralc  bsc  tunovs  In  iiic  lun'i.  Cue 
caiLruii.  l.aH'  ”::  j,nilr.i<u^fTi/'  aiicriOi'i.u  (*,I-3Sli)j  i-?o  ‘-id  l:,T::phi>T,-n3  and  ora  hf,d  lc\'ka.<r.j.ri , 
i,o  "oclcrf  to  cc;cvjr.ul.atio;’.  of  chrcnic  inilssiiijtcr.v  cc-l:s  ol't.r-.r'.'frd .  in 
y  (  rrd  neriv-vcfulav  ro{»Lon  in  a:>.('ht  Sliiri.t  ;anthra:;0Ei.i  x.'. 
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BEST  AVAILABLE  COPY 


Hlatopi'UioljOglca}.  Finding*  in 
Different  Organa 

iteart.  Leukcalc  Inflltravinn  wm  obaanrad  la  t)w  brovn  fat  la  tha 
▼Itinlty  'o^  til*  haart  of  on*  anlautZ* 

Lang.  Laokd^ala  vaa  obgarmt  la  th*  Inaga  of  flaw  anlaala.  Atalataala 
of  tha  ItKg  vaa  praaant  In  flva  trlaala-  fbo  .nilaala  had  aathracoaia  and  tiira* 
anlaala  had  hypomola. 

Uvar.  In  tha  Utot  lavkaula  Inflltrataa  aara  obaanrad  In  nlna  anlaala. 
Kodarat*  proliferation  of  Inflaaaatoxr  eella  In  periportal  region  ma  praaant 
in  two  anlmala<  Variation  In  ala*  arid  ahapa  of  nuclei  waa  obaanrad  In  on* 
ar.lnal.  Thaaa  nuclei  appeared  alao  pala  and  yacuolar.  Eight  anlnala  had 
aao'loidoala  of  varying  degree*  In  aoat  of  thaa  tha  par^rtal  region  waa  !»• 
volved  but  In  a  few  at  leant  half  of  tha  liver  liaavk*  haa  been  replaced  by 
a^iylold  due  ts  apreading  of  aiQrlold  depoaltlea  froa  aubendothellal  region  in 
the  portal  vein  ana  along  tho  hepatic  alnuaoldaa,  eauclng  atrofdiy  of  llvar 
cells 

Spleen.  Hemoaideroela  and  axtraaedullary  haaatopoleala  were  praaant 
In  the  spleens  of  threr  nice.  Seven  alee  had  laukaala.  Amyloid  wea  present 
In  tha  apltien  of  six  anlioals.  Iht  sites  of  prefaraac*  itam  to  be  perifollicu¬ 
lar  venous  sinuses,,  aonotlmea  surrounding  folUclsa  ucupletely,  or  entirely  re¬ 
placing  rad  pulp*  Zn  one  case  nearly  the  whole  aplsan  tissue  waa  replaced, 
leaving  only  small  neats  of  laukaado  calLs-, 

lymph  node,  laukaala  was  observed  In  oo*  lyigih  nods. 

Kidney,  lyciphold  leukemic  inflltratea  were  present  In  the  klune/a  cf 
aeren,  animaloT  Perivascular  liiflltr‘'tlon  of  lysiphold  tlaaua  was  observed 
five  other  idee.  Dilatation  of  renal  tubules  filled  with  albtailno<ia  fluid  waa 
observed  in  four  anlaala,  one  of  which  had  actual  cyst  formation  In  tha  cortex 
of  the  kidney..  AayloiUosia  waa  obaarved  In  ana  anlaal  involving  moatly  gloaiemli 
(giving  a  soriowhat  nodular  appearance)  and  tha  walla  of  t<i*  renal  blood  vessel. 
There  was  alao  slight  d'c^noalt  in  the  interstitial  tlaaua. 

Adronala .  Adrenals  were  another  rcilon  where  oaylold  was  >aircd. 

It  vac  seen  In  ^our  animalai  ona  of  them  had  nesriy  the  whole  gland  replaced 
by  anylolci..  (ViS  animal  hod  spotty  distribution  of  amrlold  involving  aedul.la 
and  the  other  twt>  had  only  cortex  Involved  (particularly  sons  reticularis) . 

The  animal  with  moat  pronornced  a^yloidosla  hed  also  slight  Isukeale  infil¬ 
tration, 

Teatea.  Slight  atrophic  changes  ware  obsarvsil  In  sealnirr  uua  tubulca 
of  two  alee,  rney  appeared  dlsorganlsad  and  thar*  was  dlsm»psararirt  of  gank.lr.al 
opithaiiuM. 

Thyr.-iia.  Only  two  thymic  aanplts  war*  rvallable.  Or.*  anisai  hid  ali^iht 
dapoaltion  ol*  amyloia  In  tha  thymus  and  In  the  ether  anlaal  the  thywur  appaai^ 
very  atrophic. 

Url.h.ry  bladder.  Slight  infiltration  sf  lyaphoid  tlaaua  in  perlvaacu- 
lar  region  >/f  a  obaarved  in  tha  urinary  bladder  of  ona  nouaa. 


Gastrointestinal  tract.  f^Jrpa^plaai^  of  aticosal  epltiielija  wlUi  "light 
trr^lerlty  cif  height  iaTvI3th  of  the  vllll  vae  found  in  six  onljMla. 
Ij/HiihoQa  oTtl^  In  thti  Bt-oruif^li  £x)d  ^ujc'onm  of  on^  ftoluuklM  Lnliu 

proprU  ard  aubaucoaa  of  duotlcnuK  and  llsw  tontainod  a^^lold  deposition  In 
one  aoubs. 

Bone  Mrrw.  Thras  ssluls  shawl  leukwlc  changes  in  tho  bone  narrow. 
Dons  urrov  of  tho  fesair  in  oso  •deal  had  eesllularlty  in  iK-Uph^reia  and  two 
had  buA  Taacvlarity  in  tho  epip^^bla. 

^■aiors.  Co<»  of  t-he  aj;!*®!*  h«j  tvj  ttfcors  in  th«  ahdoslnal  cavity  both 
in  vicinity  of  the  kl^eys.  Iliat^etnological  oxaDlnatlon  revealed  that  they 
ware  lyopHomas. 


Oro»»p  III,  $?  rap,  Itoxv  l  AF'^  Mice 

Thla  grok^  had  fifteen  aninals  for  hietoprt-hcloglcal  exanlnetions  vary¬ 
ing  fro®  S9I4  to  5fi0  daye. 


Hiatopathological  Findings  in 
Different  Organa 

LJJ2ES*  lyEphana  waa  obsei-ved  in  flva  aninals.  In  one  ct.se  it  appeared 
that  secondary  infection  •fith  g.rfflr.Rrer.Dvs  necrosis  wan  superlaiposed  on  the 
LetweitJj;.  five  bIco  had  parloronthial  proliferation  of  lyaphold  tissue. 
Atelectasis  vtaa  observed  in  six  aniaals.  AnthrseosJs  urss  seen  Ir  two  anUials. 
'lypere.'sla  apT-.aortjd  in  one  of  these  two  aieo.  HlyperTilasia  of  bronchial  epiths- 
liuB  was  present  in  two  anlxale, 

liver,  "he  nost  pronounced  change  observed  in  the  liver  was  deposition 
of  aijyloIdT  Ilins  of  fifteen  anlrnla  had  it*  replr.oing  in  the  ntjorlty  c.e  carea 
tno-thirds  of  the  liver  tlssut.  Deposition  originated  most  frequently  in  peri¬ 
portal  region  extending  through  sinueolds  and  reaching  the  central  vein.  In 
soae  animals  the  amyloid  had  a  ciyatallold  aspect.  Leukemia  was  observed  in 
five  aninals.  Two  nice  had  extraaedullcry  heastopoiosie,  Jv'»lold  in  nature, 
Eosinonhliic  intranuclear  inclusion  bodies  were  soen  in  one’ animal.  Ih  aaven 
animals  Irrofrularlty  in  size  and  shape  of  the  nuclei  was  eeen.  Ic.  one  animal 
accoBulation  of  inflammatory  cells  was  obsorvod  in  the  portal  region. 

Splfw.  A  frequsnt  finding  in  this  organ  also  was  development  of 
emyloidosls .  It  was  present  in  ten  anlnalr,  Tho  site  of  greateo;  involvemei.t 
was  the  perifollicular  venoijs  elijuses,  Iri  six  spleens  the  red  pulp  was  entirely 
replaced  by  e^ylold,  Lcukwxa  was  nrasent  in  seven  snlmalp.  Eight  animals  had 
extramedullary  hsHStopoiesis,  Hmsosiderosls  was  seen  In  five  enliaels. 

lywph  node.  In  one  animal  the  cervical  and  mesenteric  lyiiph  nodes  were 
hewjrrhsglc  and  a^loidosis  Ir.  the  for*  of  llttla  nodules  was  present  in 
tsrio  lyifih  nodss, 

Kidng^f  Leukemia  was  present  in  four  animals.  Perivascular  infiltration 
of  lyuphold  tiesuc  waa  observed  in  six  snimala.  ihrsa  aninals  had  asbiloid 


dvpesi^.'t^on  in  the  well  of  rcn^l  blood  veaeels.  In  thla  ^1019  eight  animals 
had  dilatation  oi'  renal  tubules  ijid  eyat  foraatioo.  The  dilated  tubules  and 
egrata  contained  olbunlndua  nuld  in  leaser  or  larger  eaouni;s. 

idrenaU.  Qepoaition  of  £a(,lold  was  observed  In  nine  aniaalj*  The 
tone  reticule slo  or  cortex  in  ginfiiral  appeared  to  be  aost  InvolTed  bet  la  tm 
ijilaale  the  nedullo  was  also  inrclvcd.  lb  one  aouae  a^jrlold  was  dlfftwel/ 
dletrlbntea  leaving  ctilj  aBall  patchas  of  oorucal  md  aednllar  tlaeue  Intact. 
Vacnolisatlon  of  the  calla  of  the  corteut  vu  obeerved  in  one  niael.  Sllgat 
Irokenic  Infiltration  wa«  present  in  one  aoaee.  nyperpleatic  adrenal  glMde 
were  obaenred  in  one  aouae. 

Testle.  In  ^0  souse  a  few  antlalferoua  tabulae  did  not  hare  vlalbla 
epemato  gineiTs . 

Ihymua.  Laukeala  was  earn  in  ona  of  the  two  thyaua  glands  saa9>lad  In 
this  group. 

Qaatro Intestinal  tract.  In  seven  anlaals  hyperplaele  of  nneoeal  epithe. 
Hum  waa  obaervod  in  the  melT  Intestine.  One  animal  had  a  sll^t  inoeasa  of 
lynphoid  tissue  in  the  laadna  propria.  A^floldoala  In  the  lanlna  propria  «ea 
aaen  in  two  mice. 

Eono  .T.ai'raw.  Leukenla  of  the  bone  narrow  wee  observed  In  six  anlawle. 
li'idacyelltle  and  rvtlnltie  wee  obaerved  In  the  eye  of  one  nouse. 

Group  IV,  170  rf^Pi  Male  LAFi  Mice 

In  this  group  thstv  re  thir'./-flve  aninals  with  their  ege  varying 

from  26  to  571  Ajye. 


Histcpatholcgxcel  Findings  in 
Diffoi'&rit  Ch’gfcji 

Lung.  The  naat  coBimon  finding  wee  r.teleotaeis  obs«'’'v«d  Ir  ''.ty 
enlnals.  thlrte<  n  of  which  had  concurrent  ^hlel:enlng  of  ti^e  olveolar  wall 
chars oterl;,o<l  by  swelling  of  cuboidal  cells,  leukenla  was  present  In  eleven 
aoinals.  Pc-^lbi oncliial  accumulstion  of  lynphoid  tissue  was  seen  in  nine  nice. 
In  one  of  them  lyiaphold  tissue  nodules  were  found,  r.  nraaouDoed  hyperumia 
was  present  In  three  liriaala.  Three  pulnonery  adanonae  were  also  seen.  Pro- 
llferitlon  end  ^veiling  of  cells  of  alveoler  llnl’'ge  together  witi:  hyperenla. 
One  animal  had  intoretitlsl  pneuisonla. 

Liver.  In  this  group  nineteen  animals  had  deposition  of  oigrlold.  n 
•oat  of  tKem~one« third  of  **:•*  Tlvar  Usaue  wan  I'splacad  by  ii  anu  In  two  mice 
unly  a  anell  part  of  the  liver  tissue  w.-ie  sptrel.  In  eighteen  er.laala  leukeale 
waa  obaerved.  Two  mice  had  alight  lauktalc  Infiltration.  Anothar  f!'e-}uent 
finding  was  irregularity  in  else  and  ahape  of  nuclei.  In  a  faw  anl&ila  giant- 
Bias  n<icl<*i  '/ere  ofaeei  ...i.  Four  ■ice  hod  intranuclear  Inolualon  bodlea  and  in 
one  of  thsii  .'ytoplaonlc  inclusion  bodlta  wart  pieaent  too.  Focal  nuoleai* 


>7P«pchroaati;sa  mus  observed  in  «  fw  «alai8le>  VficuallfebiO'k  'j£  the  c7to~ 
f'lec^  sM  nitclaua  vse  een  In  three  i.  nlaale  had  eoagtdetloe 

:.vc.-.sis,  in  one  at  Um  «a  sSuncess  wee  aleo  aaen.  Perlvcaeolar  acotmlation 
o£  l;i.:fi4n8tory  oalla  waa  present  In  Covr  MiiwalS4 

Spleen  ♦  Noat  frequent  in  the  was  dapoaitlon  ef 

aqrlald.  it  waa  teen  in  te9nt7.ti/o  aiiL'.ui}a*  A^rleid,  as  in  prericue  croups, 
waa  mestl7  seen  in  the  parifolllrcler  raci^n  or  in  sors  C'Vis  replaolng  tha 
rad  polp  eowpletelf.  In  one  ;;onse  pstohy  nodoTnr  dietribnticn  was  obsarvedr 
laukctila  was  (^served  in  ai?htaen  anlrals.  HMoaidcroais  was  preoent  in 
seventeen  end  ertranedullarr  heaatopoilesis  in  ttnlvs  aninala* 

Kign8T»  Ut'aK«wla  was  present  in  eight  oaijulst  four  aalssala  had 
ss^loidoeis  atMt  freqwmtijr  observad  In  gloHarali,  blood  vsseal  walls  aid 
soae  tines  in  the  1:  t'.ntiti’rs.  Dilstation  of  tho  tiibules  and  ejmt  fonaetlon 
was  seen  in  twelve  aninals.  Koetly  those  spaces  vers  filled  with  albnainoaa 
Auld,  which  varied  froa  ellfhtly  to  wartredljr  eosirophllie.  ibscaaees  were 
seen  in  two  aninals  aid  one  anleal  had  pus  In  the  tob’tlee.  Thirteen  enlaals 
had  lysphoaa. 

tonph  node«  lo  two  enlaele  leukaaia  wau  obsarved.  HeNosidarosie  waa 
observed  in  one  enlaal  together  with  client  lawkaaie  infiltration.  Gae  Ijr^ih 
node  had  aacrlold  deposition  together  with  fibrosis. 

Adrsnals.  In  seven  nice  ea(jrleidaeis  wM  observed.  The  site  of  pre> 
dilection  seen  */>  be  the  nortex,  but  in  two  wniaals  both  cortex  and  aodulle 
were  involved  leaving  only  s  narrow  etrlp  of  adrsns.l  tiaato  in  tbw  oortax. 
Patchy  diatri'ottico  of  csqrloid  waa  seci  In  »«a  of  *hs  nice. 

fesUs.  Xha  i'ewiiilftii'oua  tubuloa  chowed  focal  atrophy  In  jdx  anltols* 
In  tt.o  anlxiTs  seialnlferoua  tubules  ware  filled  with  eosinophilic  aeterial. 

One  rtouse  had  e  fev  tiibu'iet  distorted,  dilated  »n'^  ^l^Ted  with  blood.  Cue 
testis  had  <t  tusiorcus  heiGor/  ^'^io  vfwo  replacing  wost  of  the  testis. 


Grov”  7,  ?10  TCP,  Hale  lAfi  Hies 

In  this  group  there  wore  twenty-fivo  eniaele  between  I',?  to  deya 

old. 


Hlatcpathol''gleel  findinge  In 
7ariov:a  Orgsne 

Heart.  In  one  rruae  eoM  litfleMUtoiy  eell  infiltration  was  present. 

Ataleetasls  was  observed  In  nine  anlnels.  Leukemia  awe  present 
in  six  mica;  One  nousa  had  mtastatlc  hapatoaa  in  lung  together  witn  leuknrto 
Infiltration.  One  wlaal  had  e  pwlaonary  adenowe.  fironcHopn''UMnla  wmt  pre-oe  t 
in  three  anlnala.  A  prorm>'od  hypereeiia  waa  observad  in  two  nice.  One 
aoiaal  had  anthraeosis.  Slight  hyparplksla  of  bionchlal  epltheliwa  waa  observed 
in  thi-M  nice. 


Mvcr.  L(it:;cc.-ui»  w^s  proYcnt  la  six  Hspatonm  was  oU:>'rv«<i 

1a  Uo  KoiEiiYa  and  a^ac'ii'«lii'^-«  lo-oa^  mkw.  ii^iold  dcipasltlon  ma  present 
In  ni.  c  sfvliu'.s.  Kt.o:onln  in  in:  liver  probsbly  dc*  to  infection  wee  eheerved 
In  six  viUisId.  In  cone  oi  i  t  appesrud  to  be  ohnwlo.  The  asowit  of 
connective  tiss'^'*  Ips  incrcsficd,  t'4C  Ic^ikocjrtlc  Inflaeaatorjr  >'e«ponae  i>a3 
loss  pnd  V\K  sr-e->itec*A<n.*  uc.s  In  the  periportal  reglOB.  "ifenere- 

live  ch  tag’s  wit:i  raeuoliznllpti  of  c/voplajx  vsre  present  xn  idor  eniaelBa 
/ cc'rulitlan  r.f  in'l'ir.'itoiy  colls  in  t'te  nortel  ration  ms  obseirsd  In  fbir 
aphsals,  ,  Tiiree  alee  htd  lAttanelsar  Ineleclitn  itodiee.  fwu  alee  had  axtr»> 
nicd'llit'y  hautpnoi:sis  of  lyolold  origin.  A  frequent  i'lndlnH  in  this  organ 
-.'cs  Iri'S^ulari  t-/  In  cito  of  nuelol  sccoapenied  aaoetinei]  with  bl- 

axtie  hepatic  cells*  Uns  Aonss  bed  ehoXaagiUs. 

Spleen.  R'^''?~ldcrosis  was  present  la  Ihlrtem  anlaala*  Extraaadullaiir 
hexatopoicsls  was  observed  In  nine  elee*  One  souse  had  slight  fibrosis.  Six 
anln:ls  had  leukosis,  hyperexla  was  obsarvad  in  one  anlrel.  Aii^lold  deposit 
was  prsseot  in  tan  anlnslti.  In  ftw  of  thaa  raplacing  half  and  more  of  splenic 
tissue. 

lygph  node.  Two  nice  had  leukenle  and'  In  the  othar  two  hypermla  waa 
obsarved* 

<id.iey.  Arylo.'doala  In  tha  Aio*ervll  wca  aean  in  aavan  cnlaala.  Lau- 
kania  vaa  present  in  two  and  slight  leukaole  Infiltration  In  two  other  nice. 
I^elonephritis  waa  observed  In  two  anlaala  vlth  auparlnposad  necrosis.  I.eukeado 
infiltration  was  seen  In  toxur  animla.  focal  vacuolar  paranchyoatoua  degener* 
atlon  waa  observed  In  one  Mouse. 

.^drcnsl.  Three  anlstals  had  asQrlold  deposition  located  mostly  in  arna 
reticulonir!  !^o:s)atloti  of  ssull  eyat-llke  speeea  in  sons  fascloulata  vaa  ob> 
serve  1.  One  ndronal  had  leukenle  infiltrate.  Haworrhege  was  presani.  In  oaa 
glund.  I'iio  gland  waa  h/ptr  *a«tic. 

Thy:..ua ♦  Three  glands  out  of  four  sampled  had  laukenlo  Ix.yolvsnant. 

Testis.  In  sixteen  anlnalt  slight  to  moderata  deacnarativu  changes  of 
.<ienl:ufrrovis  tul-ulas  were  observed.  In  one  eouso  m/iold  deposit  was  present 
ill  iute.  uwitial  tiaaue  and  in  the  wall  of  aoaa  blood  vessels. 

Urinny  bladder.  Uesquametlon  and  proliferation  "f  transitional  apiUM:* 
llta  ifuo'  r^aeVved  in  ITve  anlxals. 

OeetrointeaUnel  tract.  la  ur.e  of  the  anlmele  ulceration  of  the  storjieh 
wee  observed.  Hypeiplpsle  o/'mueoael  epithelium  waa  preeent  In  cne  animal  In 
the  stxeaoh  and  duodenum*  Aagrloldesla  In  Irt^n:  propria  waa  se*'  in  one  meuve. 
Xrrecularlty  in  width  end  height  of  villi  Ir.  tna  duodenta*  was  ob.*  i  #ed  In  fear 
animals. 

hone,  naiTow.  Tn  ♦w"  *r.lnalu  the  bom  •larrow  uppesrad  vary  active, 
three  of  tiiex  ll  wee  somewhat  hypoectl-iiar  sod  ''ascular. 


OroBp  'iJ:,  Til  rw,  Ifcl*  Mlc* 

la  'lia  ^rmp  Itert  an  f&n  aataala*  Ihair  $%•  nrlM  batWMB  193 
to  ilL  lUgro. 

lotopotholojtleol  riadlaf!  la 
Varlow  Orfono 

mia.  01o«)ipMraiic»  of  oaronl  Partrlajl  oollo  KlO  ofaoamd  la  ant 


Luag.  Pnllforation  of  broao^iial  iptlhoIlM  wu  prooMt  ia  throo 
.  Mrijr  lotkorle  inflltriition  ia  p«rlb;*OAahl»l  rsgida  ms  oosn  ie 


sntasla.  Korijr  lotkarle  inflltriition  ia  p«rlb;*OAahl»l  rSKiOa  ms  oosn  ie 
throo  eloo.  Hsoorrl^oss  mr»  obsorrod  in  tm  salaals>  Om  snlaal  oppoorod 
to  hero  vlnl  pnsta»nis  whieh  ms  rhsrsciorised  b)r  on  inflsaeotory  rosetloa 
loeolisOd  within  th«  vslls  of  ths  slvocll>  Bosidos  odma  thon  woo  aeoo> 
Boolssr  inflsmstorr  coll  iaflUrstlon  in  ths  alnglsr  sopts>  lajrloid  da> 
position  in  tho  blo^  nstol  wall  wss  obeorvod  in  ono  aotmo. 

Uvw.  Lonksaie  inflltratioc  wu  pnsont  in  throo  aloo.  Saifloldooia 
woo  oboonodi  ia  throo  oniaols*  ^stch/  nco:*ools  was  soon  in  two  onijulsf  la 
om  bsiag  qoito  ^oalnont.  Tho  eytoplosii  of  hopetic  colls  showod  ollgt' 
momlisstioa  in  two  a>eo.  Booinophlllo  latronucloor  iaolusioa  bodlos  won 
oboomd  in  oeo  nocso. 

Splostj.  Kotrsmdtillory  hoastopoissio  ond  homoldoreols  woa  obsorrod 
is  five  jralsals.  labrloid  dooositlon  was  prssont  in  throo  anlaalu  inwlYlitf 
partljr  red  cnlp^  Lauiraaie  iaflltrsUon  was  prooent  in  throo  miatals. 

iidr^.  In  two  nico  lonkmie  infiltrstioe  ms  obotrrod.  Kfporeall^* 
lorltf  o7'|loaoruli  wao  ooon  In  ono  aawo«  0ns  fcc.sl  granidana  vma  preoonv 
in  onothor  onlaal  * 

Adronolo.  An  adonono  was  obsomd  in  ono  of  tho  aniatla.  Asqrloldoois 
wu  orooont  in  throo  aniaals  sostly  inoolring  tho  rortsz,  but  in  on#  aovao  tho 
aodullo  wao  inrolvod  too.  Vucoolitatlon  of  tho  c/toplasa  of  nodulloiy  calls 
woo  obooanrod  in  ono  eouso. 

tOot^.  m  fin  aolaols  dagonorattn  cJiongao  of  su.iairt.u<Mi  tahsln 
mro  sboomd.*  In  throo  caaot  oaljr  SortoU  oollo  were  lut,  oomtlsMM  this 
appoarod  in  aoro  thaa  half  of  tho  ooalnlforouo  t«ibhlos. 

Oaatroyitmttnal  traot.  In  om  aouoo  ngrlold  dooosit  wao  otMomd  in 
tho  dmdonm  giring  *a  lib  ^lli  a  ”bluh-Ukt*  pppoaranoo.  Xrrogalaritjr  ia 
aim  sad  ohspo  of  tho  Tilll  was  ohoorrod  in  v«o  »slmls.  Mild  prolifOrstioa 
sf  opithslim  of  mcoti  ia  tho  oolon  wu  obaorrsd  la  two  ales. 

Beat  mrw«  b  ta»  onlaolo  opparont  ooosllvlartt/  togothor  witii  In- 
oroMo  ▼tooalari^ mo  obc.rvad.  Two  aica  had  IgrporpluUe  aorrow  with  ^orolo 

blmtio  olsnsato  prsatasat 


ft 


■Iivwip  VT  f,  'i*o  dfath,  Male  U/t  Klc* 

In  thia  group  them  ar*  .ia«m  onlvtlji.  their  age  varlea  froii  to 

»3 

Kiatopctlialngicol  findings  in 
Various  Ojfcus  >*'4 

?r«ln.  Uiaep  .-rsririLO  o*  nevaral  Terklnjl  cells  wm  observed  In  one 

or.lsial, 

tong.  0!\e  snlMl  had  palhonsry  ad«BOM,  Proliferation  of  bronchial 
er;\theliui*  was  present  in  t^a•ee  •niji':ls»  Atelectasis  wes  seen  la  two  anluals* 
Ktaorrhsges  in  the  alveolar  wall  and  space  waa  observed  in  one  animal*  The 
lungs  of  one  sccse  had  anuiracosls,  and  three  animals  had  early  leukeado  in* 
filtration. 

Uyr.  Irregulerlty  in  also  aid  sha^  of  nuclei  was  observed  in  three 
animals.  Vacnoli.sstlon  of  nuclei  was  seen  la  one  mouse*  Leukemia  was  present 
In  one  onlaal.  Tha  nuclei  of  one  aousa  had  eoalaophllie  Incloeion  bodies. 
Aaylold  deposition  was  cooerved  In  one  enlmel  and  proliferation  of  Kupffcr  cells 
in  another. 

Spleen.  Hmcoeiderosis  las  present  in  six  sntmsls.  Leuksnlt  was  ob* 
oervsd  In  three  animals.  ExtraasdulUry  hwtopolssls  of  the  myeloid  type 
was  present  in  two  animals.  One  eysteu  had  its  red  pulp  replaced  by  mrylold* 

Lymph  node.-  LevUnvaia  waw  observed  In  one  aniaal*  This  was  tl’s  or'ly 
l/uiph  nods  saepKKf  in  this  group. 

Kidney.  In  ono  anlr'l  leukerio  Infiltravlon  wee  present. 

A^ctsI.  Two  edeitonas  of  the  adrensl  cortex  wero  seen.  One  of  them 
had  allclit  IsukuLic  infiltration.  One  mouse  (tad  amyloid  deposited  in  the 
medulla  and  i-n*  rrtlcul.-ris  of  the  cortex, 

TeeMii.  Atrophy  of  seminiferous  tubules  was  observed  ir.  z'lve  antn.tle. 
Ihe  d^free  of  atrophy  T.ndcd  la  some  of  thee,  involving  only  a  fe*.-  s  -iJiaroue 
tutulos,  In  others  the  *4iols  testes  hod  urdergonu  necrosie  or  oily  "ghost. like'' 
t'ibcl:«a  vero  left* 

OsstroinUettnsl  trict.  Ulc.«;atlon  was  present  In  the  stomach  of  one 
cottss.  In  seven  enlmole  sllpt  hyperplasia  of  mucosal  opltheliimi  war  present 
In  the  smell  intestine-  Irregularity  of  U.e  vii.li  was  observed  it.  tom  anima's. 
Slight  Inereaae  of  moncnuolerr  tAflsnieteiy  telle  was  observed  li>  '  u  etomeoh 
of  two  nd  the  duodenum  of  one  milmel. 

Done  marrow.  Inereased  '^eoulsrlty  pr.«auk  in  one  »r.>#l. 

TWr.  One  anlTel  had  a  turner  in  luBbessor.il  ro.xlon.  It  apne-red  to 
ba  eduamous  cell  oaroln-jme* 


PiflCMt  tlotl 

./ 

The  v«a  ntaervstlaxui  Iji  thia  report  repre* 

•eat  e  prslialneiy  ta  th*  M;nit»d«  of  rflleMcn  ioJuxT  Tt- 

raltltkg  fro*  chronie  •xfojope  t;  .  '•te-' if  c’tod  feat,  n »!:'.»  •<«  trrs.iiJ.»tio»  Itt 
■ioa*  Uien  elidlar  infO(~stl:^:  i.-  <o  gibxrja  irr  ileted  eire  gader 

■laller  expsrlae'ital  coc-.bl i.  cf  i.r.t  .-  tp,  F'rertlonetle.t  ifd  pretrtfiiiMt 
ih  alionld  be  petsibl*  to  ecopatu  tte  t/|j«  iw'  eev^'itf  iiictolocie  tpjw/ 
prodao^  by  ti.e  tee  typte  of  r  di-tlsr. 

It  la  appaxeut  fro*  iJia  SbuTiaa  xrea'ntJkt  in  ;bls  report  that- 
frectiooated  faat-Beutron  Irraoiation  ia  aegoclated  with  an  Increaaed 
denoe  of  aagrloldoala  and  of  leukeal*  uai  other  neoplaou.  Xn  geoeral,  the 
tTvyamaqr  of  thaae  conditione  la  grraWr  with  iocreaaing  radiation  doeaf* 
altlioudh  a  linear  ■hi8:?>reapoaae  relationship  vta  not  obtaioadt  A  sore  da- 
tailad  analjraia  of  tho  fr»>oanay  data  in  terns  of  the  a^e  of  tho  anlaMl*, 
tba  radiation  parcwters  and  tha  igrpo  of  histol.jlcrl  chanjjo  mqt  Uaprett  the 
doao-reaponso  relationahipa  and  atudiea  of  tbir  type  arc  now  in  prograaa. 

These  etudles  will  be  faelliiatad  in  the  analyala  of  tho  data  tvm  tha  caaeu^ 
irradiated  nice  beeanae  of  the  wudi  larger  population  ijh  each  of  tha  rarlouti 
radietioa  pareaotora. 

Leskenla  as  a  late  effect  of  radiation  ezpoauro  tc  a  well»«atabliahed 
finding  in  radlobiolog>'.  Infomatlon  Is  naeded,  h^Tvorer,  on  the  off oota  of 
fractionation  tod  protrsotion  of  tho  radiation  axpoaure  on  tho  iaeidonooy  tlna 
of  onaot  and  rat#  of  p.egreaalon  of  thia  eonditlon.  Tha  inoldence  of  leukania 
and  other  neopieaaw  obaerrad  la  tho  oreaeat  rt'idica  la  eunnariaed  la  Table  2  t 
Here  it  can  be  seen  that  leskenia  was  the  laost  fre<>uent  finding  in  both  tho 
coTitrcl  and  enpcrinental  groups*  The  higboat  inoidenca  was  obaerred  in  nice 
which  rwcelTcd  a  total  radiation  dosa  of  737  rep  of  fast  neutron  irrediatlon. 
There  wii  a  cr-jotcs*  incidence  of  leukeeia  in  the  irradiated  gro^?)a  than  If.  tho 
control  anlnala  although  nearly  half  of  t>te  rofitrol  fxlcc  axnlbited  ledtiaiie  - 
lung  aoenoEsa  were  found  in  Uixee  of  the  irradiated  groups  and  ware  also  present 
in  the  control  elce  {6f).  Tuo  of  tho  irradiated  nice  lied  hepetoaae  and  irradi¬ 
ated  a  nisula  with  teatlcttlar  tueora  and  a  squanoua  call  carolnona  were  noted* 
None  of  theai  tunors  were  detected  In  tho  control  oninols  *1  though  it  nuat  be 
recognised  that  the  nuabcr  of  anlaala  Involved  la  snail.  Li  Table  3  is  ahown 
the  incidence  of  nultiplo  prlaaiy  neoplaana  in  these  anioala  «v'  it  is  apparent 
that  only  a  few  of  the  eniaele  developed  tt  o  i  rlsiiry  neoploaae.  Niv<e  of  the 
nice  ecanineo  in  these  studlao  developed  Vires  or  none  prlBsiy  tumors.  The 
organ  distribution  of  leukwia  la  of  interest  in  that  leukeade  was  detect;! 
only  In  the  liver*  spleen  aad  lunge  of  tl.e  control  aloe  vheroaa  the  Irradi¬ 
ated  group  also  oahibited  thia  diaeaci  in  the  kidneys*  lyaph  nonss*  gcstro- 
inteatlnal  tract  and  oeeaaienally  In  othar  organa. 

The  second  nest  froquont  polhelegio  (inding  In  the  tlssuoa  ttieoo 
■lee  was  amrlolcoeis.  Althou^  ebont  of  the  oontrol  alee  aal^ibttad  this 
eonditioa*  the  Inddance  waa  greatly  Inereeaed  (over  'iOi)  in  *11  af  tha  irradi¬ 
ated  groopa.  Thua  In  tha  Hisa  «diich  received  the  Irw'st  total  mdlatlon  ax-> 
poeure  (19  rep}  ten  cut  of  ti.lrtean  enlnele  had  chose  changes  In  on*  f"*  a..r«) 
organa*  Qbly  one  aninal  in  tha  oontrol  groi^  unlbltod  ■grloldoaia  m  the 
Irtaat  porlud  in  this  anlaal  waa  nearly  alx  hundred  days*  Ito  tho  Irrediatad 
■loo  tho  Intant  period  wee  redueod  and  aaiqr  of  the  irradiated  Bloa  eshibltad 
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TABIE  3 

IMCIDEWE  OP  TWO  HtlLl’IPU  PSIWaRY 
HEOPW.SM  !S  IPDIVU5A.L  MICE 


1 

Oroup  i 

Tot«l 

Nmber  of  Nle* 

Mmbor  o.f 
with 

Two  Prijuir  MsoplasM 

I 

17 

1 

II 

13 

1 

III 

15 

1 

IV 

35 

6 

V 

25 

3 

71 

,  .  5 

1 

VII 

2 
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the  disease,  witliin  tuo  hundred  daya  aitcr  the  i.tltisl  i-adiat.ton  exposure  < 

Iho  organ  «05t  frequently  involved  v-os  the  aplean  and  th®  incidenco  decreuavii 
In  the  following  order:  liver,  adrenal  glands,  srall  tntpstine.  kidney, 
lyinph  nodes,  thyaas  and  lungs.  Tii-ng  {Ij  has  auggosted  thst  eenilitj'’  ii^  »i5.co 
causes  oaorloidosla  in  sll  organs  with  the  spleen  snd  llvor  bolng  tiie  least  in¬ 
volved  in  old  aninals.  Yho  spleen  anrl  livor  ire  comon  sltss  of  aniyloidosis 
induced  esqierimentsll;'  In  mica  and  it  cay  ta  Uiai  tiie  rrcdiatlon  exposure  is 
acting  inora  as  a  streaalng  facfcnr  than  by  caus<~.-:  pi-sxctarc  ageing  in  theae 
studion.  ihese  results  vr®  rmrcori.zed  in  Table  !i.  Tt  is  of  interest  to  note 
tliat  organ  Involvoacnt  by  3cj'loi.dosi8  in  neutron  irra- w-'?ted  enlaals  wes  •»'e:y 
iTOCh  the  sar.o  IlS  foiuid  by  Tlng-V/a  hong  et  al»  (1)  in  theix*  study  with  Tween  80 
and  msthylcholanthrone. 

Variation  i)'.  ohupr  and  3l‘.se  of  tlxe  nuclei  and  cells  as  wellaa  Ab¬ 
normal  nltosia  xrere  seen  in  the  livers  of  tho  irradiated  nices  This  waa  par^ 
tlculsrly  narked  in  tho  enisislB  in  grojxpa  H,  III.  r.'  and  VI,  The  size  of  the 
hepatic  nuclei  in  theso  anlmols  varied  widely  within  the  saiae  section  and  the 
giant  nuclei  were  froqxiently  hyperohromatic,  ;bnormal  shaped  nuclei  (dumbell 
shaped}  polycyclic  borders^  etc,)  may  have  been  due  to  virus  Infection  sine* 
thcro  v/ero  aosinopMllc  intrsnuclear  inclusion  bodies  present  in  the  livers  of 
the  animals  of  groups  T/  and  VI  and  possibly  in  the  other  groups.  The  potsl- 
bllity  existo,  of  coxurse,  thot  this  viral  infection  w-ta  easier  established  by 
tho  toxic  eff^.ct  on  the  liver  cells  which  altered  in  sone  manner  the  euaeeptt- 
bllity  of  tlie  odco  to  tho  virus.  There  was  also  an  increase  in  the  connective 
tissue  in  the  portal  region  of  tho  liver  of  the  irradiated  mice*  Infiltration 
of  inflancatory  cells,  alteration  of  liver  architecture  and  sli^t  necrosis  vas 
frequently  seen  in  irradiated  oniaals.  These  effects  were  more  provalent  in 
the  livex’s  of  the  youngor  age  groiqjs  within  the  irradiated  animals  and  were  not 
noted  in  the  llvsrs  of  the  contx'ol  animals  in  the  same  age  group. 

Hyperplasia  of  the  mucosal  epithelium  arid  of  the  vJ.lll 

were  comxonly  seen  in  the  gma*.  _  inteetxne  of  the  Irradiated  mice  and  is  assumed 
to  bo  due  to  the  regeneration  of  the  radiation  donoged  mucoea  of  these  animals. 

Those  changes  were  not  present  in  the  intestines  of  the  control  mice* 

The  nice  in  groups  V,  VI  and  VII  exhibited  atrcpliy  aid  otixer  pathologi- 
ccl  changes  in  the  testicular  txdxules  although  them  was  considorsble  '/ariatien 
in  the  severity  of  the  changes.  Many  of  thy  rice  exhibited  di3org3n5»'’^ior.  and 
disappearance  of  the  geriiiinal  epitheli'csn'  of  iiio  testis  without  opparent  injury 
of  tho  sertolli  cells,  Prtmaiy  sparmatocr.  lus  and  intact  sperm  vex"©  observeu  in 
the  tubules  in  some  of  these  animals,  A  fe*.:  of  the  mice  exhibited  oriJy  «ixrunxen 
tubules  consisting  of  a  single  row  of  j'-'-Mj  o<*  indefinite  nat'jure  filled  with 
eosinophilic  amorphous  material ,  This  probsbly  represented  a  mixture  of  de¬ 
generated  cells  arid  of  the  Sertoli  colls*  Similar  ilndings  have  been 

reported  by  Ely  et  ai.  (3)  in  neutron -IrradiKtcd  “fius.  The  testicul'^”  changes 
observ'od  in  the  irraiiated  ■'Bninals  apoearod  to  be  correlated  to  uonc  c*egrec 
irith  the  total  radiation  expo3vc*e. 

Extrctisdullary  hemal v'as  frequontly  observed  in  the  spieyn  ‘.ad  ' 

wai-  common  in  the  liver  of  the  irradlaUi  and  control  mice.  In  Ihe  spleen, 
from  25  to  ICO^  oi*  the  animals  hod  this  finding  and  It  diu  not  seem  to  he  con¬ 
sistently  ccvi.xlr.tcd  with  the  radiation  dose.  Since  this  represents  a  variable 


rinding  ^-.c:n  in  th«  control  onimala,  no  pathnlwgio  significance.  c«n  be  ascribed 
to  the  C''.currencc  cf  this  condition  in  the  irra/iiated  aniaale  at  present • 

of  th-j  pathologic  iic. ’Ings  described  in  thio  report  ere  censlsteiit 
witl)  the  liypoihesle  that  radiation  .-'ceelerates  rgaing.  The  Increased  incidenco 
of  aisyleidosle,  the  inducticii  of  a  varietur  of  neoplesas  and  the  progresslvo 
inpei'.nent  of  the  reproductive  orgaiu,  for  exa^la,  loud  support  to  titie  con¬ 
cept*  l^a  orgon  distribution  of  the  chonges  :v“ticVlaj.'V  ei^loidoslo  and  cho 
tyoo  of  ncoplaobs  detected  ora  not  In  enegilate  aoeord  vdth  the  ageing  concept. 
It  is  apparent  u  at  adiltlunil  st’slics  will  be  rtq'aircd  to  provide  gre.iter  in- 
alght  Into  this  question  and  it  la  hoped  that  the  axaaination  of  the  tissues 
fron  the  garana-ii; radiated  mice  nagr  be  helpiul  in  this  respect. 


SuMiatry 

1.  Histopathologic  edaainatlon  of  the  tissues  of  LAPj^  nale  nice  chroni  ally 
exposed  to  fractionatod  fast  neutron  irradiation  at  dosage  levels  of  19  rep 
to  737  rap  have  been  carried  out  using  a  total  of  one  hundrod  irradiated 
nice  ani  seventeen  non-irradiated  control  aninals. 

2.  Leukeraia  vas  the  nest  frequent  pathologic  fuuil:ig  in  both  the  control  and 
Irrsdiatsd  nice  aid  over  half  of  tha  anlnals  oxaainMl  exiilbitad  this  disease. 
The  nuaber  of  orgsna  involved  and  the  incidence  of  the  dleease  waa  greeter 
in  the  fcat^eutror  irradiatsd  nice  and  me  tn  sob*  extent  related  to  tha 
total  dose  of  radiation  adninlstered. 

3^  Anyloidcsic  use  praaent  in  about  6f  of  the  contzcl  anianle  and  use  ocricsdl^- 
increased  at  all  of  the  radiation  dosage  Isvsla  enployedt  The  latent  period 
for  the  bcvolopasr.t  of  this  condition  vas  shorhKMd  in  the  Irradiated  Mce 
and  the  sc'vority  of-  the  difesse  was  nove  in  ihc  Imdiated  nniaaLs. 

2t<  Lung  adenoiufl  vire  found  in  three  of  the  irradiated  aice.  Hepatonae  were 
present  In  t'.o  or.laals  and  mice  with  testicular  tumors  and  a  squaooue  cell 
csrolnojn  were  detected  among  the  irradiated  gio’ipr.  Cne  limg  adenoma  vaa 
o'ocsr/cd  in  ths  tissues  of  the  control  enimeXa. 

'j.  Tha  fast  neutron  irradiated  mice  exhibited  degenerative  changes  in  the 

t\ibule3  of  the  teatla  which  were  choree  terit.»d  br  atropi^v  end  cuasppearsr.r.' 
of  genalnal  epithelivss.  Sparmeto  genes  is  woe  present  in  the  testis  of  bome 
of  tha  Irradieted  anlmela. 

6.  Changea  in  tha  else  and  ahape  of  the  liver  cells  were  observed  in  tha  irradi¬ 
ated  nice  which  were  auggeative  of  a  viral  infection.  Iheac  changes  were 
not  preaent  iii  the  liver  of  the  control  anix:'>..3f  howovcri  which  would  fcn%  - 
geet  that  the  radiation  oxpoauro  in  ooiM  manner  altered  the  susceptibility 
of  the  Slice  to  the  vlz-fil  infection. 

7.  of  the  Bucbjul  epltiieliua  and  Irt-egularltgr  of  the  tHU  uc:-«  <:;> 
served  in  tho  cmsll  intestines  of  the  irradiated  mlcs  and  are  attributed  to 
roganeratior.  of  tlic  radiation  injured  mucosa  since  elteae  effects  did  not 
occur  in  the  control  vniasla* 
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NOTICE;  WHEN  GOVERNMENT  OR  OTHER  DRAWINGS,  SPBCinCATlONS  OR 
5t1ER  DATA  ARE  USED  EOR  AMY  PURPOSE  OTHER  THAN  IN  CONNECTION 
WITH  A  DEFINITELY  RELATED  GOVERNMENT  PROCUREMENT  OPERATION, 
THE  U.  8.  GOVERNMENT  THEREBY  INCURS  NO  RESPONSIBILITY.  NOR  AN V 
OHI.IGATION  WHATSOEVER;  AND  THE  PACT  THAT  THE  GOVERNMENT  MAY 
HAVE  Fs><i...uLATED,  FURNISHED,  OR  IN  ANYWAY  SUPPLIED  THE  SAu) 
ORAWD>iGS.  SPECinCATIONS,  OR  OTHER  DATA  IS  NOT  TO  BE  REGARDED  BY 
IMPLICATKH^'  OR  OTHERWISE  AS  IN  ANY  MANNER  UCEN8ING  THE  HOLDER 
OR  ANY  OTHER  PERSON  OR  CORPORATION,  OR  CONVEYING  ANY  RIGHTS  OR 
PERMISSION  TO  MANUFACTURE,  USE  OR  SELL  ANY  PATENTED  TNYENTTVI 
THAT  MAY  IN  ANY  WAY  BE  RELATED  TBBRETa 
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